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(57) ABSTRACT

A powder molding apparatus comprises a mold comprising
a die having a powder molding space and upper and lower
punch units, and a compression driving mechanism for
performing compression molding by driving the upper and
lower punch units independently, wherein molded articles
formed by the compression molding are held by engaging
lower first and second punches serving as a formed article
holding mechanism at the time of transporting the molded
articles. Thus, the molded articles can be prevented from
falling or shifting while being transported between stages,
thereby providing a powder molding apparatus capable of
high speeds.
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1

POWDER SUPPLYING APPARATUS AND
POWDER MOLDING APPARATUS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a powder molding appa-
ratus for performing compression molding of powder mate-
rial such as ceramics, foods, medicines, etc., using a mold
formed of a die and upper and lower punch units.

2. Description of the Related Art

An example of such a powder molding apparatus 1s
proposed 1n Japanese Patent No. 2695757, for example. This
powder molding apparatus 1s configured so as to transport a
rotating base upon which multiple molds are disposed over
a powder supplying unit, compression molding unit, and
product extracting unit, i that order, by means of a cam
follower and track rail. This apparatus enables consecutive
production ol molded articles, thereby improving produc-
tivity.

Also, such powder molding apparatuses have in some
cases conventionally used a rotating clamp mechanism
which rotates 1n the same direction as the direction of
compression driving as a clamp mechanism for the mold,
from the perspective of doing away any play 1n attachment
portion, regardless of whether manual or automatic.

On the other hand, 1n the event of sequentially transport-
ing the mold to the powder supplying unit, compression
molding unit, and product extracting unit, the mold 1s
generally transported 1n a state wherein the upper and lower
molds are fixed onto the same base plate. Accordingly, the
position of the upper and lower molds are not affected by
teeding precision or the like, and just determined by assem-
bly precision.

Now, 1n order to further improve productivity with the
above-described powder molding apparatus, an arrangement
can be conceived wherein the transporting speed between
the stages of the above rotating base 1s increased. However,
increasing the rotating speed of the rotating base could
conceivably result in molded articles falling or shifting due
to the force of inertia or the like acting thereupon, and
accordingly 1t has been supposed that high-speed transport-
ing might not be able to be realized.

Also, with the above conventional powder molding appa-
ratus, the structure ivolves restricting the position of the
mold by means of a cam follower and track rail, so the
forming process 1s determined by the track rail, and the mold
moves with exactly the same profile regardless of what sort
of mold 1s attached. Accordingly, the mold must be designed
according to the track rail, which has been a problem in that
the degree of freedom in the molding process has been
small.

Also, with the above-described conventional mold clamp
mechanism, in the event that the clamping direction 1s the
same direction as that of the compression driving, 1f the
molded article and the mold do not readily separate in the
process ol extracting the article from the mold following
compression for example, trouble may occur such as sepa-
ration not occurring with the clamp unit of the mold, the
formed article being damaged at the time of separating, and
so forth.

Further, with the structure wherein the above-described
upper and lower molds are transported 1n a state of being
fixed on the same base plate, the structure tends to become
a massive configuration for integrally transporting the upper
and lower molds. Accordingly, an arrangement can be
conceived wherein only one of the upper and lower molds 1s
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2

transported, but in this case, the upper and lower molds must
be positioned with each transportation, so there 1s demand
for measures with regard to this 1ssue.

SUMMARY OF THE INVENTION

The present invention has been made 1n light of the
above-described problems, and accordingly 1t 1s an object of
the present invention to provide a powder molding apparatus
capable of handling high transporting speeds while prevent-
ing molded articles from falling or shifting while transport-
ing, improving the freedom in the molding processing, and
resolving problems such as damage and the like to molded
articles while separating from the mold.

To this end, according to a first aspect of the present
invention, a powder molding apparatus comprises: a mold
comprising a die having a powder molding space, and upper
and lower punch units; a compression driving mechanism
for performing compression molding by driving the upper
and lower punch units independently; and molded article
holding means for holding a molded article, formed by the
compression molding, in a state separated from the die at a
predetermined position.

The molded article holding means may be configured so
as to hold by engaging the molded article with one of the
upper and lower punch units, or may be configured so as to
hold by engaging the molded article with a engaging piece
provided on the die. Also, the molded article holding means
may be configured so as to hold by engaging the molded
article with a guide member formed so as to encompass at
least a part of the molded article, may be configured so as to
hold by pressing the molded article with a pressing mecha-
nism, or may be configured so as to hold the molded article
by pressure diflerence between fluid pressure and atmo-
spheric pressure using a fluid pressure generating mecha-
nism.

According to a second aspect of the present invention, a
powder molding apparatus comprises: a mold comprising a
die having a powder molding space, and upper and lower
punch units; a compression driving mechanism for perform-
ing compression molding by driving the upper and lower
punch units independently; and punch positioming means for
positioning the upper and lower punch units at the die.

The punch positioning means may comprise: a tapered
block disposed on at least one of the upper and lower punch
units; and a tapered portion formed on the die; wherein the
punch positioning means are configured such that position-
ing 1s eflected by tapered fitting of the tapered block to the
tapered portion. The tapered block may be configured so as
to be driven independently from the upper and lower punch
units.

The punch positioning means may comprise: a position-
ing hole formed in the die; and a guide pin having a point,
formed on at least one of the upper and lower punch units;
wherein the punch positioning means are configured such
that positioning 1s etlected by fitting the point to the posi-
tioning hole.

This powder molding apparatus may further comprise
depressurizing means for depressurizing by suctioning out
air within the powder molding space, at the die or tapered
block.

The depressurizing means may comprise a depressurizing,
channel formed so as to connect the die or tapered block
with the powder molding space, and a vacuum generating
source connected to the depressurizing channel.

The tapered block may be formed so as to envelop the
powder molding space of the die and the surroundings




Us 7,018,194 B2

3

thereof 1n an airtight manner, with the depressurizing chan-
nel being formed at the tapered block.

The depressurizing means may be configured so as to start
depressurizing at the point that powder 1s supplied to the
powder molding space, and maintain the state of depressur-
ization until at least compression molding 1s performed.

According to a third aspect of the present invention, a
powder molding apparatus comprises: a mold comprising a
die having a powder molding space, and upper and lower
punch units; a mold transporting mechamsm for transporting,
the mold between at least a powder supplying stage, a
compressing molding stage, and a molded article extracting
stage; a compression driving mechanism for performing
compression molding by driving the upper and lower punch
units independently in the compressing molding stage; and
linking means for detachably linking at least one of the
upper and lower punch units to the compression driving
mechanism, by moving 1 a direction orthogonal to the
compression driving direction of the upper and lower punch
units.

The linking means may comprise: a clamp main umt
positioned and fixed on the compression driving mecha-
nism; a sliding claw movably supported on the clamp main
unit 1 the orthogonal direction; and a shiding driving
mechanism for driving the slhiding claw between a linking
position for linking the punch unit to the compression
driving mechanism and a non-linking position wherein the
linkage 1s disengaged.

The shiding claw may comprise a tapered portion for
tapered fitting with the punch unit. The sliding driving
mechanism may be configured so as to linearly drive the
sliding claw, or the sliding driving mechanism may be
configured so as to rotationally drive the slhiding claw.

According to a fourth aspect of the present invention, a
powder molding apparatus comprises: a mold comprising a
die having a powder molding space, and upper and lower
punch units; a mold transporting mechamsm for transporting,
the mold between at least a powder supplying stage, a
compressing molding stage, and a molded article extracting
stage; a compression driving mechanism for performing
compression molding by driving the upper and lower punch
units independently in the compressing molding stage; and
unit holding means for holding the lower punch unit to the
die when transporting between the stages, and disengaging
the holding when transported to one of the stages.

The unit holding means may comprise a guide mechanism
for supporting the lower punch umt so as to be movable 1n
the direction of compression, and a holding mechanism for
either fixing and holding or disengaging holding of the lower
punch unit to the guide mechanism. The holding mechanism
may further comprise a fastening lever axially supported to
the lower punch unit by a rotating shaft, and a pressing
member for causing plane contact of the fastening lever
against the guide mechanism by rotationally pressing the
fastening lever with the rotating shaft as the center thereof,
so as to 1ix and hold the lower punch unit, wherein the unit
holding mechanism 1s configured such that the fixing hold-
ing 1s disengaged by rotating the fastening lever 1n a
direction opposite to the direction of pressing.

A permanent magnet or an electromagnet may be pro-
vided to the fastening lever to strengthen the force of fixing
with the guide mechanism.

The holding mechanism may further comprise: a fasten-
ing lever axially supported to the lower punch unit by a
rotating shait; a permanent magnet for causing plane contact
of the fastening lever against the guide mechanism by
magnetic force for adsorption holding of the lower punch
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unit; and an electromagnet wherein application of electricity
thereto cancels the magnetism of the permanent magnet and
weakens the adsorption force thereof. The holding mecha-
nism may further comprise a cam member movably sup-
ported on the lower punch umit and a pressing member which
fixes by pressing the lower punch unit by friction from linear
contact of the cam member against the guide mechanism,
wherein the holding mechanism 1s configured so as to
disengage the pressing fixing by moving the cam member 1n
a direction opposite to the direction of pressing.

The cam member may be configured of a rotating cam
movably supported to the lower punch unit by a rotating
pair, or may be configured of a linear cam rotationally
supported to the lower punch unit by a linear motion pair.

According to a fifth aspect of the present invention, a
powder molding apparatus comprises: a mold comprising a
die having a powder molding space, and upper and lower
punch units; a mold transporting mechanism for transporting
the mold between at least a powder supplying stage, a
compressing molding stage, and a molded article extracting
stage; a compression driving mechanism for performing
compression molding by driving the upper and lower punch
units independently 1 the compressing molding stage;
molded article holding means for holding a molded article,
formed by the compression molding, in a state separated
from the die at a predetermined position; punch positioning
means for positioning the upper and lower punch units at the
die; linking means for detachably linking at least one of the
upper and lower punch units to the compression driving
mechanism, by moving 1 a direction orthogonal to the
compression moving direction of the upper and lower punch
units; and unit holding means for holding the lower punch
unit to the die when transporting between the stages, and
disengaging the holding when transported to one of the
stages.

The unit holding means may comprise: a guide mecha-
nism for supporting the lower punch unit so as to be movable
in the direction of compression; a brake member provided
independently from the guide mechanism; and a holding
mechanism for fixing and holding the lower punch unit to
the brake member.

The holding mechanism may further comprise: a fasten-
ing lever axially supported to the lower punch unit by a
rotating shaft; and a pressing member for causing plane
contact of the fastening lever against the brake member by
rotationally pressing the fasteming lever with the rotating
shaft as the center thereof, thereby fixing and holding the
lower punch unit; wherein the holding mechanism 1s con-
figured such that the fixing holding 1s disengaged by rotating
the fastening lever 1n a direction opposite to the direction of
pressing.

A permanent magnet or an electromagnet may be pro-
vided to the fastening lever to strengthen the force of fixing
with the brake member.

The holding mechanism may further comprise: a fasten-
ing lever axially supported to the lower punch unit by a
rotating shait; a permanent magnet for causing plane contact
of the fastening lever against the brake member by magnetic
force for adsorption holding of the lower punch unit; and an
clectromagnet wherein application of electricity thereto can-
cels the magnetism of the permanent magnet and weakens
the adsorption force thereof.

The holding mechanism may further comprise a cam
member movably supported on the lower punch unit and a
pressing member which fixes by pressing the lower punch
unmit by friction from linear contact of the cam member
against the brake member, wherein the holding mechanism
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1s configured so as to disengage the pressing fixing by
moving the cam member in a direction opposite to the
direction of pressing.

The cam member may be configured of a rotating cam
rotationally supported to the lower punch unit by a rotating,
pair, or configured of a linear cam linearly movably sup-
ported to the lower punch unit by a linear motion pair.

With the powder molding apparatus according to the first
aspect, the die may be installed on a die set, with the upper
and lower punch units comprising at least first and second
punches, and the independent driving being performed by
driving the first and second punches by a driving shatt, and
the powder molding apparatus may further comprise linking,
means for linking the first and second punches to the die so
as to relatively move 1n the compression direction but so as
not to fall, and fixing means for collectively mounting and
fixing the die to the die set along with the first and second
punches.

The linking means may comprise grooves formed on each
of the first and second punch holders for the first and second
punches, extending 1n the compression direction and engag-
ing pins fixed up the die and the first punch holder, wherein
the linking means are configured such that the engaging pin
of the die 1s engaged with the groove on the first punch
holder, and the engaging pin of the first punch holder 1s
engaged with the groove on the second punch holder.

The fixing means may be introduced between the die and
die set, and may be configured of a fixing bush for causing
taper fitting of the die and die set. Also, the fixing means may
be configured of an actuator which presses and fixes the die
to the die set with a pressing member introduced therebe-
tween. Further, the fixing means may be introduced between
the die and die set, and may be configured of a fluid pressure
fixing member which presses and fixes the die to the die set
by pressurizing a pressure tluid filled therein.

The powder molding apparatus may further comprise
fasteming means for detachably collectively fastening the
first and second punches to the driving shaft. The fastening
means may comprise hook-shaped claw members erected on
pressure rams of each of the driving shafts and engaging pins
fixed on each punch holder of the first and second punches,
wherein the fasteming means are configured so as to fasten
the punch holders by engaging the engaging pins with the
claw members.

Actuators may be connected to each of the punch holders,
configured such that the punch holders are collectively
tastened to the pressure rams by the actuators.

The die set may be configured so as to transport the mold
between a powder supplying stage, a compressing molding,
stage, and a molded article extracting stage.

The powder molding apparatus may further comprise:
linking means for linking the first and second punches to the
die so as to relatively move 1n the compression direction but
so as not to fall; fixing means for collectively mounting and
fixing the die to the die set along with the first and second
punches; and fastening means for detachably collectively
fastenming the first and second punches to the driving shaft.

According to a sixth aspect of the present immvention, a
powder molding apparatus, forming a powder molding
space with a die, and an upper punch unit and lower punch
unit, has the upper and lower punch units disposed so as to
face one another across the die, wherein compression mold-
ing 1s performed by driving each of the upper and lower
punch units mdependently with driving shaits, and wherein
upon one of the driving shafts i1s placed the other of the
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driving shaits, configured such that the other of the driving
shafts moves synchronously with the movement of the one
of the driving shafts.

The die may be fixed to the upper and lower punch units
and the upper and lower punch units comprise first and
second punches respectively, and the other of the driving
shafts may be placed upon a driving base moved and driven
by the one of the driving shafts, configured such that moving
the driving base causes the upper first and second punches
and the lower first and second punches to move synchro-
nously.

The die may be disposed on a transporting table with the
transporting table configured so as to move between a
powder supplying stage, a powder compressing stage, and a
molded article extracting stage, in a direction orthogonal to
the moving direction of the upper and lower punch units.

With a powder molding apparatus according to the first
aspect of the present invention, the powder molding appa-
ratus may have a powder molding space formed with a die,
and upper and lower punches disposed so as to face one
another across the die, with driving shaits being connected
to each of the upper and lower punches, and compression
molding performed by driving each of the upper and lower
punches independently with the driving shafts by driving
sources, and the driving shafts may be supported by a single
base, with each of the driving sources being centrally
disposed on the base.

The base may be disposed below the die with the die
disposed and fixed on a frame portion formed as an exten-
sion of the base. Also, the base may be disposed below the
die with the die disposed and fixed on a transporting table
provided separately from the base, and the transporting table
may be configured so as to move between a powder sup-
plying stage, a powder compressing stage, and a molded
article extracting stage.

The upper end portion of the one driving shait may be
linked to a upper mold supporting plate attached to the upper
punch, so that the upper mold supporting plate 1s lowered
with the one driving shait while raising a lower mold
supporting plate with the other driving shaift, by the driving
sources, thereby eflecting compression molding.

The driving shafts may be ball screws which are axially
supported by the base, and the driving sources may be servo
motors which are linked to the ball screws by timing belts.

The powder molding apparatus according to the first
aspect may form a powder molding space with a die, and an
upper punch unit and lower punch unit, with the upper and
lower punch units disposed so as to face one another across
the die, compression molding may be performed by driving
cach of the upper and lower punch units independently with
driving shaits, and at least one of the upper and lower punch
units may be configured so as to allow insertion of at least
first and second punches in a relatively movable manner,
with first and second driving shafts linked to the first and
second punches, and the first and second driving shafts
inserted 1 a hollow outer cylinder with the inner cylinder
relatively movable 1n the axial direction.

The 1mnner cylinder may protrude out from the openings at
both ends of the hollow outer cylinder, with the first punch
being linked to one end of the hollow outer cylinder by a first
mold supporting plate and the other end thereof linked to a
first driving source, and the second punch being linked to
one end of the inner cylinder by a second mold supporting
plate and the other end thereof linked to a second driving
source, the hollow outer cylinder and inner cylinder being
independently driven by the first and second driving sources.
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Respective ball screws may be linked to the hollow outer
cylinder and the mner cylinder, and servo motors serving as
driving sources may be linked to the ball screws by timing
belts.

The hollow outer cylinder may be supported by a movable
base, the mner cylinder supported by a fixed base, and the
die disposed and fixed on a frame portion integrally
extended from the fixed base. Also, the hollow outer cylin-
der and the inner cylinder may be supported by a common
movable base, the die disposed and fixed on a transporting
table provided separately from the movable base, and the
transporting table configured so as to move between a
powder supplying stage, a powder compressing stage, and a
molded article extracting stage.

The powder molding apparatus according to the first
aspect may form a powder molding space for supplying
powder matenal to the die, and the powder molding appa-
ratus may further comprise: a powder storing unit to which
a powder supplying tube 1s connected; a powder 1njecting
hole formed at a portion of the bottom wall of the powder
storing unit facing the powder molding space; and a scraping
blade for sliding along the die to scrape away excess powder
material outside the powder molding space, and also to close
ofl the powder injecting hole.

The blade tip of the scraping blade may be at an acute
angle as to the surface of the die upon which scraping blade
slides, and may be formed of a ceramic.

A powder supplving opening of the powder supplying
tube may be positioned so as to be offset outwards from the
center of the powder injecting hole, and also pass through

the ceiling of the powder storing unit to be 1nserted to the
inside thereof.

A tapered portion may be formed at an edge of the powder
injecting hole so as to fit with the blade tip of the scraping
blade when closing off the powder 1njecting hole.

The scraping blade may be provided independently from
the powder storing unit, pass through a slot formed in the
powder storing unit and extend into the powder storing unit,
and be drniven to perform scraping action by an actuator
disposed outside the powder storing unait.

According to a seventh aspect of the present invention, a
powder molding machine comprises: a transporting table
which 1s configured so as to transport a mold, having a
powder molding space, between at least a powder supplying
stage, a compressing molding stage, and a molded article
extracting stage; and a powder supplying device for supply-
ing powder material to the powder molding space in the
mold, at the powder supplying stage; the powder supplying
device comprising a powder storing umt to which a powder
supplying tube 1s connected, a powder 1njecting hole formed
at a portion of the bottom wall of the powder storing unit
tacing the powder molding space, and a scraping blade for
sliding along the mold to scrape away excess powder
material outside the powder molding space, and also to close
ofl the powder injecting hole.

According to the first aspect of the present invention,
molded articles separated from the die are held by a molded
article holding means, so the molded articles can be pre-
vented from falling or shifting during transporting, enabling
increased transporting speed and thus improving productiv-
ity.

Holding by engaging the molded article with the lower
punch unit ensures holding 1n a more secure manner by
fitting the lower punch unit according to the form of the
molded article, for example, fitting to the recess and pro-
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trusions of the molded article, and increase 1n costs can be
avoided as compared to cases of providing a separate
holding mechanism.

Holding by engaging the molded article with a engaging,
piece provided on the die prevents the molded article from
falling or shifting during transporting, facilitating increased
transporting speed 1n this case as well.

Holding by engaging the molded article with a gwmde
member allows for transporting not dependent on gravity,
and similarly facilitates increased transporting speed also.

Holding by pressing the molded article with a pressing
mechanism also allows for transporting not dependent on
gravity, and facilitates even more increased transporting
speed.

Holding the molded article using a fluid pressure gener-
ating mechanism by pressurized air or by vacuum suction
similarly facilitates increased transporting speed.

A second aspect of the present invention provides punch
positioning means for positioning the upper and lower punch
units at the die, so positioning between the upper punch unit
and the die 1n the event of transporting the lower punch unit
with the die, for example, can be performed 1n a secure
manner, thereby ensuring quality and dimensional precision
of the molded article.

Inserting the tapered block to the upper punch unit and
fitting the tapered block to the tapered portion formed on the
die allows positioning to be carried out in a sure manner with
a simple structure.

Driving the tapered block independently from the upper
punch unit prevents problems such as damage to the mold
and so forth by the compression driving of the upper and
lower punch units in a state wherein the tapered block 1s
prepositioned on the die, thereby ensuring quality and
dimensional precision of the molded article.

Positioning by {fitting a guide pin, formed on the upper
punch unit and having a point, to a positioning hole formed
in the die, allows positioming to be performed in a secure
manner as with the second aspect of the present invention,
thereby ensuring quality and dimensional precision of the
molded article.

Depressurizing by suctioning out air within the powder
molding space formed by the die and upper and lower punch
units allows the space between powder grains filling the die
to be reduced, thereby preventing irregularities 1n powder
density, and reducing the compression molding time.

An arrangement comprising a depressurizing channel
formed at the die or tapered block, and a vacuum generating
source connected to the depressurizing channel, allows
depressurizing means to be configured with a simple struc-
ture, thereby suppressing increases 1n costs.

Forming the tapered block so as to envelop the powder
molding space of the die and the surroundings thereof
prevents scattering ol powder to around the die.

Starting depressurizing at the point that powder 1s filled 1n
the die and maintaining the state of depressurization until
compression molding 1s performed enables the filling speed
for supplying powder to the die to be increased, prevents
scattering of powder at the time of filling, further does away
with the need for depressurizing at the time of compressing,
and thus reduces compression molding time.

With the third aspect of the present invention, detachably
linking the lower punch unit to the compression driving
mechanism by moving 1 a direction orthogonal to the
compression direction with linking means allows the linking
means to be designed more compactly, since no compression
force acts in the linking direction. That 1s to say, with
conventional arrangement wherein the linking direction and
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the compression direction are the same direction, the mold
and molded article do not readily separate in the separating
process following the compression molding, and the molded
article could be damaged. The present invention solves the
problem of necessitated increased strength of the linking
means and surrounding parts, and increased complication of
the structure thereof.

The arrangement wherein the linking means comprises a
clamp main unit positioned and fixed on the compression
driving mechanism, a sliding claw movably supported on
the clamp main unit, and a sliding claw driving mechanism
for moving the sliding claw, allows the linking and disen-
gaging operation to be carried out with a simple structure for
advancing and retracting the sliding claw to and from the
clamp main unit, thereby suppressing increased costs.

Forming a tapered portion for tapered fitting with the
lower punch unit on the sliding claw ensures secure linking
between the lower punch unit and the compression driving,
mechanism, and also increases precision in positioning.

Linearly moving the sliding claw to link and disengage
increases linking force.

Rotating the sliding claw to link and disengage reduces
the rotational force of the sliding claw, enabling reduction in
the size of the driving unit.

With the fourth aspect of the present invention, the lower
punch unit 1s held to the die when transporting between the
stages, and disengaged when transported to one of the
stages, thereby preventing the lower punch unit from mov-
ing or falling during transportation. Also, the holding of the
lower punch unit 1s disengaged when transported to one of
the stages, so driving of the lower punch unit can be
performed without problem.

Supporting the lower punch unit with a guide mechanism
s0 as to be movable 1n the direction of compression, and
either fixing and holding or disengaging holding of the lower
punch unit to the guide mechanism by a holding mechanism,
allows the lower punch unit to be held or disengaged with a
simple structure, thereby suppressing increased costs.

The configuration wherein a fastening lever axially sup-
ported to the lower punch unit 1s brought 1nto plane contact
against the guide mechanism with a pressing member so as
to 1ix and hold the lower punch unit enables the lower punch
unit to be held with a simple structure and the minimum
number of parts necessary.

Providing a permanent magnet or an electromagnet to the
tastening lever to strengthen the force of fixing with the
guide mechanism enables the lower punch unit to be fixed
and held even more strongly.

Causing plane contact of the fasteming lever against the
guide mechanism by magnetic force for adsorption holding
of the lower punch umit with a permanent magnet, and
applying electricity to an electromagnet to weaken the
adsorption force of the permanent magnet at the time of
disengaging the holding enables holding and disengaging to
be performed electrically.

Fixing the lower punch unit by pressing by friction from
linear contact of a cam member movably supported on the
lower punch unit against the guide mechanism increases the
linear contact pressure with the guide mechamism by taking
advantage of the wedging eflect of the cam member, thereby
securely holding the lower punch unit. Thus, even in the
cvent that there are irregularities in the precision of manu-
facturing and assembling the cam member and guide mecha-
nism, the irregularities can be absorbed and suflicient con-
tact force can be obtained, thereby preventing positional
shifting of the lower punch unait.
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Configuring the cam member of a rotating cam enables
the lower punch unit to be securely held with a simple
structure and the minimum number of parts necessary.

Configuring the cam member of a linear cam further
increases contact pressure with the gumide mechanism, and
cnables the lower punch unit to be even more securely held.

With the fifth aspect of the present invention, a molded
article separated from the die 1s held with a molded article
holding means, so the molded articles can be prevented from
falling or shifting during transporting, enabling increased
transporting speed and thus improving productivity. Accord-
ing to this aspect, the invention also comprises punch
positioning means for positioning the upper and lower punch
units at the die, so positioning between the upper punch unit
and the die 1n the event of transporting the lower punch unit
with the die, for example, can be performed 1n a secure
manner, thereby ensuring quality and dimensional precision
of the molded article. Further, detachably linking the lower
punch unit to the compression driving mechanism by mov-
ing 1n a direction orthogonal to the compression direction
with linking means allows the linking means to be designed
more compactly, since no compression force acts in the
linking direction. Holding the lower punch unit as to the die
when transporting between the stages, and disengaging
when transported to one of the stages, prevents the lower
punch unit from moving of falling during transportatlon
Also, the holding of the lower punch unit 1s disengaged
when transported to one of the stages, so driving of the lower
punch unit can be performed without problem.

Supporting the lower punch unit with a guide mechanism
so as to be movable 1n the direction of compression, and
fixing and holding the lower punch unit to a brake member
provided independently from the guide mechamism, prevents
wear of the guide mechanism accompanying the fixing and
holding of the lower punch unit in the event of fixing the
lower punch unit to the guide mechanism for example,
thereby extending the life of the gmde mechamism and
improving the supporting precision of the lower punch unat.
Also, the brake member can be configured of a structure and
matenal different from that of the guide mechanism, and a
material with a great friction coeflicient and low cost can be
selected.

Fixing and holding the lower punch unit by causing plane
contact of a fastening lever axially supported to the lower
punch unit against the brake member with a pressing mem-
ber allows the lower punch unit to be held or disengaged
with a simple structure, thereby suppressing increased costs.

Providing a permanent magnet or an electromagnet to the
fastening lever to strengthen the force of fixing with the
brake member enables the lower punch unit to be fixed and
held even more strongly.

Causing plane contact of the fastening lever against the
brake member by magnetic force for adsorption holding of
the lower punch unit with a permanent magnet, and applying
clectricity to an electromagnet to weaken the adsorption
force of the permanent magnet at the time of disengaging the
holding, enables holding and disengaging to be performed
clectrically.

Fixing the lower punch unit by pressing by friction from
linear contact of a cam member movably supported on the
lower punch unit against the brake member increases the
linear contact pressure with the brake member by taking
advantage of the wedging eflect of the cam member, thereby
securely holding the lower punch unit, and obtaining the
same advantages as those of a similar arrangement described
above.
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Configuring the cam member of a rotating cam enables
the lower punch unit to be securely fixed and held with a
simple structure and the minimum number of parts neces-
sary.

Configuring the cam member of a linear cam further
increases contact pressure with the brake member, and
enables the lower punch unit to be even more securely held.

With the powder molding apparatus according to the first
aspect, linking the first and second punches to the die so as
to only move 1n the compression direction and collectively
mounting and {ixing the die to the die set along with the first
and second punches allows the first and second punches to
be removed along with the die when replacing the mold,
with a simple task of taking the die off of the die set.
Attaching a new mold similarly involves only the simple
task of mounting and fixing the die to the die set, so the time
required for replacing molds can be reduced in comparison
with conventional arrangements which required the die set
itself to be removed and attached, or the mold to be
disassembled, thereby facilitating work. This {facilitates
replacement of molds for manufacturing a small number of
articles each of a great number of types, thereby improving
productivity, and meeting the above-described demands.

Slidably engaging the engaging pins of the die and first
punch holder with the grooves on the first punch holder and
the second punch holder allows the first and second punches
to be linked to the die so as to not fall, with a simple
structure. Making the width of the grooves to be approxi-
mately the same as with width of the engaging pins prevents
axial rotation of the punch holders.

Tapered fitting of the die and die set with a fixing bush
allows the die to be positioned and fixed simply by mounting
the fixing bush on the die set, thereby improving positioning,
precision, and further improving ease ol work.

Pressing and fixing the die to the die set with an actuator
through a pressing member allows the mold exchanging
work to be performed automatically, further improving ease
of work.

Pressing and fixing the die to the die set using fluid
pressure allows the die to be mounted and fixed with a
simple task, enables further reduction in mold replacement
time, and improves ease ol work. Also, the fixing bush
uniformly expands in the radial direction (inwards and
outwards) due to the fluid pressure, so the die can be
precisely positioned to the position of the die set.

Detachably collectively fastening the first and second
punches to the driving shait allows the punch units to be
casily removed from the driving shaft when replacing
molds, thereby reducing the mold replacing time, and
improving ease ol work.

Erecting hook-shaped claw members on pressure rams of
cach of the driving shafts and fixing engaging pins on each
of the punch holders so as to engage the claw members
allows attaching and removing to be performed with a
simple structure, improving ease of work form this perspec-
tive as well.

Fastening punch holders to the pressure rams by actuators
allows the mold exchanging work to be performed auto-
matically, further improving ease of work.

Transporting the mold between the stages allows con-
secutive production while manufacturing a small number of
articles each of a great number of types.

Linking the first and second punches to the die so as to
only move 1n the compression direction and collectively
mounting and {ixing the die to the die set along with the first
and second punches allows the first and second punches to
be removed along with the die when replacing the mold with
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a simple task of taking the die off of the die set, obtaining
the same advantages as those of the first aspect of the present
invention. Also, collectively detachably fastening the first
and second punches to the driving shait allows the punch
units to be readily removed from the driving shaft in the
event of replacing the mold, so the mold replacing time can
be reduced, and ease of work improved.

According to the sixth aspect of the present invention,
placing one of the driving shaits for independently driving
the upper and lower punch units upon the other of the
driving shaits and moving the other of the driving shafts
synchronously with the movement of the one of the driving,
shafts allows the powder material to be subjected to com-
pression forming by independently driving the upper and
lower punch units by the driving shaits at the time of
compression molding, and allows the upper and lower punch
units to be moved 1n a state wherein the distance between the
punches 1s maintained by driving one driving shaft at the
time of separating, so as to separate the molded article 1n a
state wherein the die 1s fixed. This simplifies the structure of
the powder supplying device and molded article extracting
device, thereby suppressing increased costs.

Fixing the die to the upper and lower punch units with the
upper and lower punch units comprising first and second
punches respectively, and placing and the other of the
driving shafts upon a driving base moved and driven by the
one of the driving shafts such that moving the driving base
causes the upper first and second punches and the lower first
and second punches to move simultaneously, allowing the
molded article to be separated 1n a state wherein the distance
between the first and second punches 1s maintained, thus
obtaining the same advantages as those of the first aspect.

Disposing the die on a transporting table which moves
between a powder supplying stage, a powder compressing
stage, and a molded article extracting stage, allows high-
speed consecutive production of molded articles, thereby
improving productivity.

Supporting the driving shatts driving the upper and lower
punches by a single base, and centrally disposing the driving
sources on the base, facilitates assembly precision of the
driving unit since the reference plane for attached the
driving shafts and driving source only needs to be provided
on the base, thereby facilitating the assembly work and
maintenance work. Also, concentrating the heavy compo-
nents of the driving sources and driving shafts on a base
allows the rigidity of the overall apparatus to be alleviated
by increasing the rigidity of the base itself, thus contributing
to reduction 1n size and in costs.

Disposing the base below the die with the die disposed
and fixed on a frame portion formed as an extension of the
base allows the die to be supported by and fixed on a base
with great rigidity, thereby ensuring rigidity at the time of
compression.

Disposing the base below the die with the die disposed
and fixed on a transporting table with the transporting table
moving between stages enables high-speed consecutive pro-
duction of molded articles, improving productivity.

Lowering the upper mold supporting plate attached to the
upper punch with the driving shaft while raising the lower
mold supporting plate attached to the lower punch with the
driving shaft, thereby eflecting compression molding,
allows the height-wise dimensions of the apparatus to be
reduced as compared with conventional arrangements
wherein driving units are disposed above and below the die
plate, thereby contributing to even further reduction in size.

Driving the upper and lower punches by ball screws by
servo motors with timing belts allows the stroke precision of
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the punches to be increased, back-lashing to be avoided, and
accordingly, the quality and dimensional precision of the
molded articles can be improved.

Arranging the first and second driving shatits driving the
punches as an mnner cylinder inserted in a hollow outer
cylinder relatively movable in the axial direction allows the
placement space of the driving shaits to be reduced, con-
tributing to reduction 1n size of the overall apparatus. Also,
the driving shafts driving the punches have a concentric
structure of an inner cylinder inserted in a hollow outer
cylinder, so the positional precision of the hollow outer
cylinder increases matching the position of the mner cylin-
der, thereby increasing the positional precision of the work-
ing punches themselves.

Driving the hollow outer cylinder and mner cylinder
independently by the first and second driving sources with
the first and second mold supporting plates allows the
freedom of form and so forth of the molded articles to be
expanded, and also realizes uniform density of molded
articles.

Driving the hollow outer cylinder shafts and mner cylin-
der by servo motors linked to the ball screws by timing belts
allows the stroke precision of the punches to be increased,
back-lashing to be avoided, and accordingly, the quality and
dimensional precision of the molded articles can be
improved.

Supporting the hollow outer cylinder by a movable base,
the 1inner cylinder by a fixed base, and disposing and fixing
the die on a frame portion integrally extended from the fixed
base, allows the inner cylinder and die to be supported by a
fixed base with high rigidity, thereby ensuring rigidity at the
time of compression.

Supporting the hollow outer cylinder and the 1nner cyl-
inder by a common movable base, disposing and fixing the
die on a transporting table provided separately from the
movable base, and moving the transporting table between
the stages, enables high-speed consecutive production of
molded articles, thereby improving productivity.

Forming a powder injecting hole at the bottom wall of a
powder storing unit, and providing a scraping blade to
scrape away excess powder material outside the powder
molding space, and also to close off the powder 1injecting
hole, enables scraping off of excess powder matenial and
closing off of the powder injecting hole at the same time
simply by moving the scraping blade, so there 1s no need to
move the entire powder supplying box or to keep 1n constant
contact with the die as with conventional arrangements,
application to be made to dice with small areas of scraping
contact, and also, application can be made to consecutive
molding apparatuses.

Making the blade tip of the scraping blade to be at an
acute angle as to the surface of the die upon which scraping
blade slides allows the excess powder material outside the
molding space to be smoothly scraped oif without causing
the powder material to scatter, the face of the scraped
powder material can be made uniform, and irregularities in
the density of powder filling and the amount of supplying
can be prevented.

Forming the scraping blade of a ceramic material sup-
presses wear of the blade tip even aiter repeated scraping
operations, thus extending the life thereol as compared to
conventional arrangements wherein felt 1s applied.

Offsetting the powder supplying tube outwards from the
center ol the powder 1njecting hole keeps the pressure due to
change in the amount of the powder remaining within the
hopper from directly acting upon the powder mjecting hole,
thereby preventing irregularities 1n powder density within
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the powder storing umt, thus preventing irregularities in
filling density. Also, passing the powder supplying tube
through the ceiling of the powder storing umit to be mserted
to the mside thereot, so space can be left within the powder
storing unit, suppressing change in the density of powder 1n
the powder storing unit due to change in the amount of
powder remaining 1n the hopper, also preventing irregulari-
ties 1n filling density. Further, oflsetting the powder supply-
ing tube outwards from the center of the powder 1njecting
hole and passing the powder supplying tube through the
ceiling of the powder storing unit inside causes the ijected
powder material to heap up (1n a bridging form) from the
bottom wall of the powder storing unit toward the powder
supplying tube at the top, so no more powder 1s supplied,
and only as much powder material as necessary 1s supplied.

Forming a tapered portion at an edge of the powder
injecting hole so as to fit with the blade tip of the scraping
blade allows any gap between the two to be done away with
when closing ofl the powder 1njecting hole with the scraping
blade, thereby preventing leaking of the powder matenal.

Providing the scraping blade independently from the
powder storing unit so as to be driven from outside the
powder storing unit allows the change 1n volume within the
powder storing unit with the scraping blade provided to be
reduced, maintaining the amount of powder stored within
the powder storing unit.

According to a seventh aspect of the present invention, a
powder molding machine, comprising a transporting table
for sequentially transporting a mold between a powder
supplying stage, a powder molding stage, and a molded
article extracting stage, so as to mold molded articles, uses
the powder supplying device described above, so powder
supplying can be smoothly performed at the powder sup-
plying stage without allowing powder to scatter around, and
thus applicable to consecutive production.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic configuration diagram describing
the powder molding apparatus according to a first embodi-
ment of the present invention;

FIG. 2 1s a perspective view of the powder molding
apparatus;

FIG. 3 1s a plan view illustrating the action of the
transporting table of the powder molding apparatus;

FIGS. 4A through 4D are diagrams 1llustrating the action
of the powder injecting mechanism of the powder molding
apparatus;

FIG. 5 1s a cross-sectional view of molding positioning
means ol the mold of the powder molding apparatus;

FIG. 6 1s a cross-sectional view of the molding position-
Ing means;

FIGS. 7A and 7B are cross-sectional views of the elevat-
ing driving mechanism of the tapered block of the powder
molding apparatus;

FIG. 8 1s a disassembled perspective view of the linking
means ol the powder molding apparatus;

FIGS. 9A and 9B are perspective diagrams of the linking,
means:

FIGS. 10A and 10B are cross-sectional views of the
linking means;

FIG. 11 1s a cross-sectional view of unit holding means of
the powder molding apparatus;

FIG. 12 1s a plan view of the unit holding means;

FIGS. 13A and 13B are diagrams illustrating the state of
the lower punch unit (molded article holding means) of the
powder molding apparatus holding a molded article;
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FIGS. 14A and 14B are diagrams illustrating the state of
the lower punch unit holding a molded article;

FIGS. 15A and 15B are diagrams illustrating the state of
the lower punch unit holding a molded article;

FIGS. 16A through 16F are diagrams 1llustrating molded
article holding means according to another embodiment of
the present invention;

FIGS. 17A through 17F are diagrams 1llustrating another
embodiment of the molded article holding means;

FIG. 18 1s a diagram 1illustrating punch positioning means
according to another embodiment of the present invention;

FIG. 19 1s a diagram 1llustrating linking means according,
to the first embodiment of the present invention;

FIGS. 20A and 20B are diagrams 1illustrating a variation
of the sliding claws;

FIGS. 21A and 21B are diagrams illustrating linking
means according to another embodiment of the present
invention;

FIG. 22 1s a diagram 1illustrating unit holding means
according to another embodiment of the present invention;

FIG. 23 1s a diagram 1illustrating unit holding means
according to another embodiment of the present invention;

FIG. 24 1s a cross-sectional view 1llustrating the linked
and fixed state of the lower punch of the powder molding
apparatus according to a second embodiment of the present
invention;

FIG. 25 1s a perspective view of the lower punch unait;

FIG. 26 1s a plan view of a pressure ram of the lower
punch unit;

FIG. 27A 1s a diagram 1llustrating the fastening state of
the lower punch unait;

FI1G. 27B 1s a diagram of a part of that shown in FIG. 27A,
along the direction of the arrow A;

FI1G. 28 1s a diagram 1llustrating the fastening state of the
lower punch unait;

FIG. 29 1s a schematic diagram 1llustrating the action of
the powder molding apparatus;

FIG. 30 1s a diagram 1llustrating the action of the trans-
porting table of the powder molding apparatus;

FIG. 31 1s a plan view 1llustrating a holding mechanism
according to another embodiment of the present invention;

FIGS. 32A and 32B are diagram 1illustrating a pressing,
member according to another embodiment of the holding
mechanism;

FIG. 33 1s a diagram illustrating a linear cam member
according to another embodiment of the present invention;

FI1G. 34 15 a diagram 1llustrating a linear cam according to
another embodiment;

FIG. 35 1s a diagram 1llustrating a linear guide according,
to another embodiment of the guide mechanism;

FIG. 36 1s a diagram 1llustrating a linear guide according,
to another embodiment of the guide mechanism;

FIG. 37 1s a diagram illustrating unit holding means/
holding mechanism according to another embodiment of the
present ivention;

FIG. 38 1s a diagram 1illustrating another embodiment of
the holding mechanism;

FIG. 39 1s a diagram 1llustrating the linear cam member
of the holding mechanism according to another embodiment
of the present invention;

FIG. 40 1s a diagram 1illustrating the linear cam member
according to another embodiment;

FI1G. 41 1s a diagram 1illustrating the linear guide accord-
ing to another embodiment of the guide mechanism
described above:

FI1G. 42 1s a diagram 1illustrating the linear guide accord-
ing to another embodiment of the guide mechanism;
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FIG. 43 1s a cross-sectional view illustrating fixing means
according to another embodiment of the present invention;

FIGS. 44 A and 44B are diagrams 1llustrating fixing means
according to another embodiment of the present invention;

FIG. 45 1s a cross-sectional view illustrating {ixing means
according to another embodiment of the present invention;

FIG. 46 1s a cross-sectional view of a fixing bush of the
{ixing means;

FIG. 47 1s a schematic configuration diagram describing
a powder molding apparatus according to another embodi-
ment of the present invention;

FIG. 48 1s a schematic configuration diagram describing,
a powder molding apparatus according to another embodi-
ment of the present mnvention;

FIG. 49 1s a schematic configuration diagram describing
a powder molding apparatus according to another embodi-
ment of the present invention;

FIG. 50 1s a schematic configuration diagram describing
a powder molding apparatus according to another embodi-
ment of the present invention;

FIG. 51 1s a schematic configuration diagram describing
a powder molding apparatus according to another embodi-
ment of the present invention;

FIG. 52 1s a schematic configuration diagram describing
a powder molding apparatus according to another embodi-
ment of the present invention;

FIG. 53 1s a schematic configuration diagram describing
a powder molding apparatus according to another embodi-
ment of the present invention;

FIG. 54 1s a schematic configuration diagram describing
a powder molding apparatus according to another embodi-
ment of the present invention; and

FIG. 55 1s a plan view illustrating the action of the
transporting table of the powder molding apparatus.

DESCRIPTION OF THE PREFERREI
EMBODIMENTS

FIGS. 1 through 15B are diagrams describing a powder
molding apparatus according to a first embodiment of the
present invention. FIGS. 1 and 2 are a schematic configu-
ration diagram and perspective view of the powder molding
apparatus, FIG. 3 1s a plan view illustrating the rotating
action of the transporting table, FIGS. 4A through 4D are
diagrams 1llustrating the action of the powder injecting
mechanism, FIGS. 5 and 6 are cross-sectional views of the
molding positioning means of the mold, FIGS. 7A and 7B
are cross-sectional views of the elevating driving mecha-
nism of the tapered block, FIGS. 8, 9A and 9B, and 10A and
10B, are a disassembled perspective view, perspective dia-
grams, and cross-sectional views of the linking means;
FIGS. 11 and 12 are a cross-sectional view and plan view of
umt holding means, and FIGS. 13A through 15B are dia-
grams 1illustrating the state of the lower punch unit holding
a molded article.

In the figures, reference numeral 1 denotes a powder
molding apparatus which manufactures ceramic electronic
part elements by compressing molding of a ceramic powder
material. The powder molding apparatus 1 comprises: a
mold 2 made up of a die 5 having a powder molding space,
and upper and lower punch units 6 and 7; a disc-shaped
transporting table (mold transporting mechanism) 8 for
transporting the mold 2 between a powder supplying stage
A, a compression molding stage B, a machine working stage
C, and a molded article extracting stage D; a compression
driving mechanism 3 for performing compressing molding
of the ceramic powder material; linking means 9 for detach-
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ably linking the lower punch unit 7 to the compression
driving mechanism 3 at predetermined positions at the
stages A through D, unit holding means 4 for detachably
holding the lower punch unit 7 to the transporting table 8,
and a powder imjecting mechanism 100 for ijecting the
powder material mto the mold 2 at the powder supplying
stage A.

Four dice 3 are disposed and fixed at 90° intervals on the
perimeter of the transporting table 8. The upper punch unit
6 has an upper second punch 65 formed of a core pin inserted
within a cylindrical upper first punch 6a 1n a relatively
movable manner, and also, the lower punch unit 7 similarly
has a lower second punch 75 formed of a core pin mserted
within a cylindrical lower first punch 7a in a relatively
movable manner. The upper punch unit 6 1s mput disposed
at the compressing forming stage B, and lower punch units
7 disposed below each of the dice 5 on the transporting table

8.

The transporting table 8 1s rotationally driven by external
rotational driving means (not shown), and 1s configured so
as to continuously transport the mold 2 1n the order of the
powder supplying stage A, compression molding stage B,
machine working stage C, and molded article extracting
stage D.

As shown 1 FIG. 3, upon a die 5 being filled with the
ceramic powder material by the later-described powder
injecting mechanism 100, the transporting table 8 rotates 90°
in the direction indicated by the arrow “a”. Thus, the mold
2 filled with the ceramic powder material 1s transported to
the powder compressing stage B, and here compression
molding 1s performed by the upper and lower punch units 6
and 7. At this time, the next die 3 transported to the powder
supplying stage A 1s filled with the ceramic powder material.

Once the compressing molding 1s completed, the trans-
porting table 8 rotates 90°, the molded article which has
been formed by the compression molding 1s transported to
the machine working stage C, and subjected to machine
working such as grinding, hole-opening, flash removal, and
so forth. At this time, compression molding 1s performed on
the next ceramic powder at the powder compressing stage B,
and the next die 5 transported to the powder supplying stage
A 1s filled with the ceramic powder.

Once the predetermined machine working 1s completed at
the machine working stage C, the transporting table 8 rotates
90°, the molded article that has been worked is transported
to the molded article extracting stage D, where the molded
article 1s extracted, and recovered to a predetermined place.
Subsequently, the empty die 5 1s transported to the powder
supplying stage A again. Thus, the transporting table 8
rotates sequentially such that molded articles are continu-
ously manufactured.

The powder 1njecting mechanism 100 comprises: a pow-
der storing unit 101 in a form of a generally airtight box,
disposed above the transporting table 8 and capable of being
raised or lowered; a powder supplying tube 102 for supply-
ing powder material 105 within the powder storing unit 101;
a powder mjecting hole 10156 formed in the center of a
bottom wall 101a of the powder storing unit 101 for inject-
ing powder material 105 into the dice 5; and a scraping blade
103 for opening and closing the powder injecting hole 1015.

The powder supplying tube 102 1s offset to the side from
a position facing the powder injecting hole 1015, and 1is
inserted through the ceiling 110¢ so as to be positioned at a
vertically intermediate position within the powder storing
unit 101. A hopper (not shown) 1s connected at the upper end
of the powder supplying tube 102.

10

15

20

25

30

35

40

45

50

55

60

65

18

The scraping blade 103 1s formed of a ceramic matenial,
with the blade tip 1034 being formed at an acute angle. The
scraping blade 103 1s linked to an actuator 107 disposed
outside the powder storing unmit 101, by a supporting member
106, and 1s driven between a closed position wherein the
powder 1jecting hole 1015 1s closed and an open position
wherein the powder injecting hole 1015 1s open, by the
actuator 107. The supporting member 106 1s linked to the
actuator 107 by a slit 108 formed 1n the side wall 1104 of the
powder storing unit 101.

Also, a tapered portion 109 which fits with the blade tip
103a of the scraping blade 103 1s formed at the edge of the
powder njecting hole 1015. This arrangement 1s such that,
at the point that the scraping blade 103 moves from the open
position to the closed position, the blade tip 103a abuts the
tapered portion 109 so as to ride up somewhat.

As shown 1n FIGS. 4A through 4D, upon the die 5 being
transported to the powder supplying stage A, the powder
injecting mechanism 100 lowers the powder storing unit 101
to the standby position that the bottom wall 101a comes 1nto
contact with the upper plane of the die 5. The powder
injecting hole 1015 and the cavity of the die 5 match at this
lowered position.

The scraping blade 103 1s retracted by the actuator 107,
causing the powder mjecting hole 1015 to open, the powder
material 105 flows out from the powder injecting hole 1015,
and 1s 1njected within the cavity of the die 5.

Subsequently, the scraping blade 103 moves forward by
the actuator 107, such that the blade tip 103a scrapes away
the excess powder material 105 showing out of the cavity
while scraping the surface of the die 5, the excess powder 1s
returned to the powder storing unit 101, and the powder
injecting hole 1015 1s closed ofl. At this time, the blade tip
103a rnides up on the tapered portion 109 so as to close off
the powder injecting hole 1015. Subsequently, the powder
storing unit 101 rises to the standby position.

The compression driving mechanism 3 has the following
structure. A driving base 10 1s disposed below the transport-
ing table 8 so as to be vertically driven, and a fixed base 11
1s disposed and fixed below the driving base 10 so as to not
be moved. Upper first ball screws 12 making up one of the
driving shafts are rotatably supported by this fixed base 11
by bearings 13, with the bearings 13 being attached and
fixed to the fixed base 11. Nuts 14 attached and fixed to the
driving base 10 are screwed onto the upper first ball screws
12.

A supporting table 17, having the shape of a box with one
side open and facing downwards, 1s attached and fixed to the
driving base 10, with cylindrical upper first poles 18 which
are the other of the driving shafts, erected on the upper face
of the supporting table 17. An upper first mold supporting
plate 19 1s laid across between the upper ends of the poles
18 and thus fixed, and the upper first punch 6a is attached
and fixed on the lower face of the upper first mold support-
ing plate 19. Rotating the upper first ball screws 12 causes
the upper first punch 6a to move vertically along with the
driving base 10 and both upper first poles 18.

Upper second ball screws 21 are rotatably supported on
the driving base 10 by bearings 22, with the bearings 22
being attached and fixed to the driving base 10. The upper
second ball screws 21 are inserted into upper second poles
16 slidably supported by the supporting table 17, and screws
to nuts 23 inserted and fixed to the lower end of the upper
second poles 16. Also, an upper second mold supporting
plate 20 1s laid across between the upper ends of the upper
second poles 16 and thus fixed, and the upper second punch
65 1s attached and fixed on the lower face of the mold
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supporting plate 20. Rotating the upper second ball screws
21 causes the upper second punch 65 to move vertically
along with the upper second poles 16.

The upper first poles 18 have cylindrical shapes, and the
upper second poles 16 are concentrically iserted within the
upper first poles 18 so as to be relatively slidable. Concen-
trically 1nserting the upper second poles 16 within the upper
first poles 18 allows the width dimensions of the driving
base 10 to be reduced as compared to arrangements wherein
the poles are arrayed 1n parallel, thus contributing to reduc-
tion 1n size ol the overall apparatus.

Lower first ball screws 25 are rotatably supported on the
driving base 10 by bearings 26, with the bearings 26 being
attached and fixed to the driving base 10. The lower first ball
screws 25 are inserted ito lower first poles 27 slidably
supported by the supporting table 17, and screwed to nuts 28
iserted and fixed to the lower end of the lower first poles 27.

A lower first mold supporting plate 29 i1s detachably
linked between the upper end of the lower first poles 27 with
the linking means 9 introduced therebetween, and the lower
first punch 7a 1s attached and fixed on the upper face of the
mold supporting plate 29. Rotating the lower first ball
screws 25 causes the lower first punch 7a to move vertically
along with the lower first poles 27.

A lower second ball screw 30 1s rotatably supported on the
driving base 10 between the lower first ball screws 25 by
bearings 31, with the bearings 31 attached and fixed to the
driving base 10. The lower second ball screws 30 are
inserted mnto lower second poles 32 slidably supported by
the supporting table 17, and screwed to nuts 33 inserted and
fixed to the lower end of the lower second poles 32.

Also, a lower second mold supporting plate 34 1s detach-
ably linked to the top of the lower second poles 32 with the
linking means 9 introduced therebetween, and the lower
second punch 75 1s attached and fixed on the upper face of
the mold supporting plate 34. Rotating the lower second ball
screw 30 causes the lower second punch 75 to move
vertically along with the lower second poles 32. Thus, all of
the ball screws 12, 21, 25, and 30, are concentrated on the
driving base 10.

The upper second ball screws 21 and the lower first and
second ball screws 25 and 30 pass through the driving base
10 and protrude downwards, with slave pulleys 37, 44, and
45 mounted to the protruding portions of these.

An upper second timing belt 38 passes over the driving
pulley 37 of the upper second ball screws 21, and the timing
belt 38 passes over a driving pulley 40 mounted on an upper
second servo motor 39. Thus, rotation of the upper second
servo motor 39 causes the upper second punch 65 to
vertically move along with both upper second poles 16.

A lower first timing belt 46 passes over the slave pulleys
44 of the lower first ball screws 25, and the timing belt 46
passes over a driving pulley 48 mounted on a lower first
servo motor 47. Thus, rotation of the lower first servo motor
4’7 causes the lower first punch 7a to vertically move along
with both lower first poles 27.

Alower second timing belt 49 passes over the slave pulley
45 of the lower second ball screw 30, and the timing belt 49
passes over a driving pulley 51 mounted on a lower second
servo motor 50. Thus, rotation of the lower second servo
motor 50 causes the lower second punch 76 to vertically
move along with the lower second poles 32.

The upper first ball screws 12 pass through the fixed base
11 to protrude downwards, with slave pulleys 43 mounted to
the protruding portions. An upper first timing belt 52 passes
over slave pulleys 43, and the timing belt 52 passes over a
driving pulley 54 mounted on an upper {first servo motor 53.
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The servo motors 53, 39, 47, and 50, are concentrated
around the driving base 10, with the upper first servo motor
53 attached and fixed to the fixed base 11, and the upper {first
servo motor 39 and lower first and second servo motors 47
and 50 attached and fixed to the drniving base 10, with
respective brackets or the like.

Such independent driving of the upper first and second
punches 6a and 65 and lower first and second punches 7a
and 76 with the servo motors 53, 39, 47, and 50 allows
working of molded articles having cylindrical shapes, hol-
low cylindrical shapes, cross-sectional H shapes, cross-
sectional cross shapes, for example, to be realized. That 1s to
say, the feeding of the upper first and second ball screws 12
and 21 lowers the upper first and second punches 6a and 65,
the feeding of the lower first and second ball screws 25 and
30 raises the lower first and second punches 7a and 75,
thereby performing compression molding. In this case, the
descent of the lower first and second punches 7a and 75
accompanying the descent of the driving base 10 1s absorbed
by making the amount of feeding of the lower first and
second ball screws 25 and 30 to be greater by the amount of
teeding of the upper first ball screws 12.

Also, rotating the upper first servo motor 53 1n the state
that the upper second servo motor 39 and the lower first and
second servo motors 47 and 30 are stopped causes the upper
first and second punches 6a and 65 and the lower first and
second punches 7a and 75 to be moved vertically along with
the driving base 10 in a synchronous manner. Thus, this
allows the molded article to be separated from the mold on
the transporting table 8 with the distance between the
punches maintained. That 1s to say, at the point that the
compression molding process ends, the upper second servo
motor 39 and the lower first and second servo motors 47 and
50 are stopped, which fixes the upper second ball screws 21
and lower first and second ball screws 25 and 30. In this
state, the upper first ball screws 12 are rotated by the upper
first servo motor 53. This causes the driving base 10 rise, and
also for the upper first and second punches 6a and 65 and the
lower first and second punches 7a and 75 to be raised with
the distance between the punches maintained.

A punch positioning means for positioning the upper
punch unit 6 at the die 5 transported to the compression
molding stage B 1s disposed on the mold 2. As shown 1n
FIGS. § through 7B, the positioning means comprises a
tapered block 60 into which the first punch 6a of the upper
punch unit 6 1s inserted, and a tapered portion 5a integrally
formed at the upper opening portion of the die 5, with a
recessed tapered face 60a having a greater diameter than that
of the upper first punch 6a being formed on the lower 1nner
circumierence of the tapered block 60.

The tapered portion 5a of the die 5 protrudes out from the
upper face of the transporting table 8, and a protruding
tapered face 55 which {fits with the recessed tapered face 60a
1s formed on the outer perimeter of the tapered portion 5a.
Also, the tapered block 60 1s independently driven so as to
rise and descend independently from the upper punch unit 6,
by means of an elevating driving mechanism 58. This
clevating driving mechanism 38 has a structure of 1nserting
the tapered block 60 within a cylinder 58a, and also sec-
tioning within the cylinder 38a into two chambers by a
piston 385 mounted and fixed to the tapered block 60, such
that the tapered block 60 rises and descends by supplying
compressed air mto the chambers of the cylinder 58a.

A depressurizing means for suctioning the air within the
powder molding space so as to depressurize the space 1s
disposed on the tapered block 60. The depressurizing means
comprises a depressurizing channel 606 formed on the
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tapered block 60, and a vacuum pump (not shown) con-
nected to the depressurizing channel 605 by a suction hose
61. Also, the depressurizing means 1s configured so as to
start depressurizing within the powder molding space at the
time of filling the die 5 with the powder material at the
powder supplying stage A, and to maintain the depressur-
ization until the compression molding at the next compres-
sion molding stage B.

The lower punch unit 7 functions as a molded article
holding means. The first and second punches 7a and 75 of
the lower punch unit are independently driven by the lower
first and second ball screws 25 and 30 as described above,
so as to hold by fitting the lower first and second punches 7a
and 7b to the form of the molded article.

For example, as shown in FIGS. 13A and 13B, in the
event that the vertical-sectional face of the molded article 1A
has a H shape, following separating the molded article 1A
from the die 5, the lower second punch 76 1s fit into the
recess 1n the molded article 1A so as to hold 1t. Then, 1n this
state, this 1s transported to the molded article extracting
stage D, and the molded article 1A 1s extracted at the molded
article extracting stage D by lowering the second punch 7d.

Also, as shown 1in FIGS. 14A and 14B, 1in the event that
the vertical-sectional face of the molded article 1B has a
cross shape, the lower first punch 7a 1s fit with the protrusion
on the molded article 1B so as to hold it. Further, as shown
in FIGS. 15A and 15B, 1n the event that the molded article
1C 1s cylindrical, a part of the molded article 1C 1s retracted
into the die 5 following separation from the mode, and 1s
held between the die 5 and the lower punch unit 7.

Linking means 9 are disposed at each of the stages A
through D, and at the point that the lower first and second
mold supporting plates 29 and 34 are transported thereto, the
lower first and second poles 27 and 32 are linked thereto,
while at the time of transporting, this linkage 1s disengaged.

As shown 1 FIGS. 8 through 10B, the linking means 9
comprises a clamp main unit 63 fixed on the upper face of
cach of the lower first poles 27, a sliding claw 64 supported
so as to move forwards and back 1n the horizontal direction
(the direction orthogonal to the compression direction) as to
the clamp main unit 63, and an air cylinder mechanism (slide
driving mechanism) 635 for motion driving of the sliding
claw 64. The clamp main unit 63 has a stepped bearing
surface 63a for supporting the lower face of the lower first
mold supporting plate 29.

The air cylinder mechamism 63 has a piston rod 6355H
inserted into the cylinder main unit 65a so as to move back
and forth therein, and the sliding claw 64 is linked to the
piston rod 656 with first and second links 66 and 67.

When the piston rod 6556 compresses the first and second
links 66 and 67 rotate counter-clockwise so as to cause the
sliding claw 64 to protrude out, and the lower first mold
supporting plate 29 1s clamped between the sliding claw 64
and the bearing surface 63a, thereby positioning and fixing
the lower first punch 7a with both lower first poles 27. When
the piston rod 655 expands, the first and second links 66 and
67 rotate clockwise so as to retract the sliding claw 64, and
thus the clamping of the lower first mold supporting plate 29
1s disengaged.

Also, a pair of clamp main units (not shown) are arrayed
and fixed on the upper end face of the lower second poles 32
so as to face one another, configured such that sliding claws
(not shown) disposed on the clamp main units clamp and
unclamp the lower second mold supporting plate 34, the
basic configuration being generally the same as that
described above.
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The unit holding means 4 holds the lower first and second
mold supporting plates 29 and 34 of the lower punch unit 7
so as to not fall while the transporting table 8 1s moving, and
1s configured so as to disengage the holding of the lower first
and second mold supporting plates 29 and 34 at predeter-
mined locations of the stages A through D and allow vertical
movement of the lower first and second punches 7a and 75.

As shown 1n FIGS. 11 and 12, the unit holding means 4
comprises multiple guide posts (guiding mechanism) 70
inserted and fixed to the lower face of the transporting table
8 50 as to surround the perimeter of the dice 5, lower first and
second mold supporting plates 29 and 34 {it onto the guide
posts 70 so as to be vertically movable, and a holding
mechanism for fixing and holding the mold supporting
plates 29 and 34 onto the guide posts 70. Insertion holes 29a
and 34a through which the guide posts 70 are inserted are
formed on the mold supporting plates 29 and 34.

The holding mechanism 1s made up of a fastening lever 73
axially supported to the mold supporting plates 29 and 34 by
a rotating shaft 72 so as to be capable of rocking, and a
spring 74 for pressing the fastening lever 73 to the gwmde
posts 70, wherein the lower punch unit 7 1s fixed and held
by the spring 74 causing plane contact of the fasteming lever
73 against the guide posts 70. The fastening lever 73 1s made
up of a gripping portion 73a of a bent form so as to follow
the perimeter of a guide post 70, and an arm portion 735
extending from the gripping portion 73a so as to face the
sliding claw 64. The linkage with the guide posts 70 1s
disengaged by the shiding claw 64 protruding and rotating
the arm portion 735 1n the direction opposite to the pressing
direction.

Now, description will be made regarding the action of the
unit holding means 4 and the linking means 9. At the point
that the lower first and second mold supporting plates 29 and
34 fixed and held by the unit holding means 4 are transported
from the powder supplying stage A to the compression
molding stage B for example, the lower first and second
poles 27 and 32 rise, and the bearing surfaces 63a of the
clamp main umts 63 abut the lower first and second mold
supporting plates 29 and 34. Next, the shiding claw 64
protrudes, and clamps the mold supporting plates 29 and 34
between the sliding claw 64 and the clamp main unit 63 so
as to position and hold. At the same time as this operation,
the sliding claw 64 rotates the fastening lever 73, so that the
gripping portion 73a departs from the guide post 70 and the
fasteming 1s disengaged, thus, the lower first and second
punches 7a and 7b are linked with the lower first and second
poles 27 and 32 so as to be vertically movable. In this state,
the upper and lower punch units 6 and 7 move vertically so
as to perform the above-described compression molding.

Once the compression molding has been completed, the
sliding claw 64 1s retracted, the clamp 1s disengaged, the
pressing of the fastening lever 73 1s disengaged, and the
fastening lever 73 1s fastened to the guide post 70 by the
pressing force of the spring 74. Thus, the linkage 1s disen-
gaged, and the lower first and second punches 7a and 75 are
held to the transporting table 8. This 1s transported to the
next machine working stage C 1n this state.

Next, the advantages of the present embodiment will be
described.

With the powder molding apparatus 1 according to the
present embodiment, a molded article 1A subjected to com-
pression molding at the compression molding stage B 1s
transported to the machine working stage C and molded
article extracting stage D while being held by the lower
punch umt 7, so the molded article 1A can be prevented from
falling or shifting during transporting, leading to higher
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transporting speeds and improved productivity. Also, fitting,
the lower first and second punches 7a and 75 accordmg to
the form of the molded articles 1A through 1C facilitates
holding 1n a sure manner, and increases in costs can be
avoilded as compared to arrangements wherein a separate
holding mechanism 1s provided.

Note that while with the present embodiment, an example
has been described of an arrangement wherein the molded
article 1s held by the lower first and second punches 7a and
7b, but the molded article holding means according to the
present invention 1s by no means restricted to this.

FIGS. 16 A through 16F 1llustrating molded article hold-
ing means according to another embodiment of the present
invention, and the reference numerals 1n these figures which
are the same as those 1n FIGS. 13 A through 15B denote the
same or equivalent components.

FIG. 16A illustrates an example wherein an engaging
piece 80 disposed to the die 5 so as to protract therefrom or
retract therein 1s engaged with the outer perimeter face of a
molded article 1D. FIG. 16B illustrates an example of
holding with a guide member 81 formed so as to envelop the
outer face of the molded article 1D.

Also, FI1G. 16C 1llustrates an example wherein the molded
article 1D 1s nipped and held 1n the horizontal direction by
a pair of pressing members (pressing mechanism) 82, and
FIG. 16D illustrates an example wherein the molded article
1D 1s pressed from above by a pressing member (pressing
mechanism) 83 and held.

FIG. 16E 1llustrates an example wherein a suction channel
84 contacting the inside of the powder forming space is
formed to the lower first punch 7a and the transporting table
8 (1.e., a fluid pressure generating mechanism) 84 and a
molded article 1D 1s hold by suctioning the air within the
powder molding space with the suction channel 84 by a
suction pump. FIG. 16F 1llustrates an example wherein the
molded article 1D 1s held by applying pressurized air to the
molded article 1D with a pneumatic pressure supplying
member 85. All of these examples are capable of preventing,
the molded article 1D from falling or shifting during trans-
porting, thereby leading to higher transporting speeds and
improved productivity.

Further, with the present invention, the above-described
lower punch unit 7 and the engaging piece 80, guide member
81, and so forth, may be combined to hold the molded
article, as shown in FIGS. 17A through 17F. For example,
FIG. 17A shows an arrangement wherein the molded article
1E 1s held with the lower second punch 7a and engaging
piece 80 and guide member 81, and FIG. 17B shows an
arrangement wherein the molded article 1E 1s held with the
lower first and second punches 7a and 75 and the guide
member 81. Also, FIG. 17C 1llustrates an example wherein
the molded article 1E 1s held between the lower second
punch 7b and a pair of pressing members 82, and FIG. 17D
illustrates an example wherein holding 1s performed by the
lower second punch 75 and the pressing member 83. Further,
FIG. 17E illustrates an example wherein the molded article
1E 1s held by the engaging piece 80 and a suction channel
84, and FIG. 17F 1s an example wherein the molded article
1E 1s held by the lower first punch 7a and the pneumatic
pressure supplying member 85. All of these examples enable
higher transporting speeds as with the above-described
arrangements. The point made here 1s that any of these
components can be used independently or combined accord-
ing to the shape of the molded article, the transporting speed.,
and so forth.

According to the present embodiment, the tapered block
60 1s 1nserted to the upper first punch 6a, and the recessed
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tapered face 60a of the tapered block 60 1s fit with the
protruding tapered face 3b of the die 5, so positioning with
the upper punch unit 6 at the time of transporting the lower
punch unit 7 with the transporting table 8 between the stages
A through D can be carried out 1n a sure manner with a
simple structure, thereby ensuring the quality and dimen-
sional precision of the molded article.

Also, the tapered block 60 has a structure of being
clevated and lowered independently from the upper first and
second punches 6a and 6b, so the upper and lower punch
units 6 and 7 can be subjected to compression driving with
the tapered block pre-positioned at the die 5, thereby pre-
venting problems such as damaging molds and so forth,
consequently improving the quality and dimensional preci-
sion of the molded article.

Also, with the present embodiment, an example has been
described of an arrangement wherein the upper punch unit 7
1s fit to the die 5 with a tapered block 60, but the punch
positioning means according to the present invention 1s by
no means restricted to this; rather, various arrangements may
be made such as, for example, as shown 1 FIG. 18, an
arrangement wherein guide pins 88 having points 88a are
fixed on the upper first mold supporting plate 19 with the
upper first punch 7a fixed, and positioning holes 89 for
engaging the points 88a are formed on the transporting table
8 or the dice 5. Such an arrangement has been mentioned 1n
the Summary above. In this case as well, positioming can be
performed 1n a sure manner, as with the embodiment
described above.

With the present embodiment, a depressurizing channel
605 contacting the powder molding space of the die 5 1s
formed to the tapered block 60, and a vacuum pump 1is
connected to the depressurizing channel 605 by a suction
hose 61 so as to depressurize the air within the powder
molding space, so the gaps between the powder gains filled
in the die 5 can be reduced with a simple structure, and
irregularities 1n powder density can be prevented, while
reducing compression forming time.

Also, depressurizing 1s started at the time of filling the die
5 with the powder material at the powder supplving stage A,
maintained until the compression molding at the next com-
pression molding stage B, which enables the filling speed for
supplying powder to the die 5 to be increased, prevents
scattering of powder at the time of filling, and turther does
away with the need for depressurizing at the time of com-
pressing, thereby reducing that much time.

Now, with the above embodiment, a depressurizing chan-
nel 1s formed at the positioning tapered block 60, but the
present nvention 1s by no means restricted to this. For
example, the depressurizing channel may be connected and
formed to a box-shaped block formed enveloping the pow-
der molding space of the die and the surroundings. Such an
arrangement has also been mentioned i1n the Summary
above. This arrangement prevents scattering of powder to
around the die.

According to the present embodiment, the linking means
9 detachably linking the lower punch unit 7 with the lower
first and second poles 27 and 32 serving as the driving unit
comprises: clamp main units 63 disposed and fixed to each
of the poles 27 and 32; sliding claws 64 movably supported
by the clamp main units 63 1n the direction orthogonal to the
direction of compression; and an air cylinder mechamism 65
for advancing and retracting driving of the sliding claws 64,
so the compression force at the time of compression molding,
1s not applied to the air cylinder mechanism 65 which
advances and retracts the sliding claws 64, and the com-
pression force can be taken by a mechanical structure. Thus,
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the driving unit of the air cylinder mechanism 65 can be
made smaller. That 1s to say, 1n the event that the shiding
claws 64 are moved 1n the same direction as the compression
direction, the mold and molded article do not readily sepa-
rate 1 the separating process following the compression
molding for example, and the molded article could be
damaged This necessitates increased strength of the air
cylinder mechanism 63 and surrounding parts, leading to the
problem of increased complication of the structure thereof.

Reducing the clearance between the clamp main unit 63
and sliding claw 64 allows the mold supporting plates 29 and
34 to be clamped without any play, and according position-
Ing precision can be improved.

Also, the sliding claw 64 i1s driven so as to advance or
retract by first and second links 66 and 67, so the shiding
claw 64 can be driven with small force, and the air cylinder
mechanism 65 can be reduced 1n size.

Now, an arrangement may be made such as shown 1n FIG.
19 wherein a tapered portion 64a 1s formed on the sliding
claw 64 such that the tapered portion 64a fits with the
tapered face of the mold supporting plate 29. This arrange-
ment has also been mentioned 1n the Summary above. In this
case, the mold supporting plate 29 can be clamped with high
precision in a sure manner.

Now, 1n the above embodiment, an arrangement has been
described within the mold supporting plates 29 and 34 are
clamped with the sliding claws 64 and bearing surfaces 63a
of the clamp main units 63, but the present mnvention 1s by
no means restricted to this arrangement. For example, as
shown 1n FIG. 20A, an arrangement may be made wherein
the mold supporting plate 29 i1s gripped by advancing or
retracting a sliding claw 90 with a shape of a box with one
end open, or as shown in FIG. 20B, a sliding claw 91 having
a protrusion 91a may be advanced and retracted to fit to a
recess 29a on the mold supporting plate 29, these arrange-
ments also yielding advantages the same as those described
with the above embodiment.

Also, the above embodiment involves performing linking
and unlinking by linearly moving the sliding claws 64, 90,
and 91, but the present invention allows performing linking
and unlinking by rotationally driving the sliding claws,
another arrangement which has been mentioned in the above
Summary. For example, as shown 1n FIGS. 21A and 21B, an
arrangement may be made wherein a pair of sliding claws 90
having the shape of a box with one end open 1s connected to
a single rotary actuator 94 by a rotating link mechanism 93,
so as to rotationally drive the sliding claws 90 to link or
disengage the linkage of the mold supporting plate 29. In
this case, the multiple sliding claws 90 are synchronized and
driven by a single actuator 94, thereby reducing both size
and costs.

According to the present embodiment, a unit holding
means 4 1s provided which holds the lower punch unit 7
when transporting between the stages A through D and
disengaging this holding when transported to one of the
stages A through D, that 1s to say, the holding 1s disengaged
at the point of the liking the lower punch unit 7 to the poles
2’7 and 32 of the compression driving mechanism 3 so as to
permit vertical movement of the lower punch unit 7 and the
lower punch unit 7 1s held to the transporting table 8 when
this linkage 1s disengaged, so the lower punch unit 7 can be
transported in a state wherein the punch position 1s main-
tained, and the lower punch unit 7 can be prevented from
moving or falling during transporting. Thus, both space and
costs can be reduced as compared to conventional arrange-
ments wherein the mold 1s held while transporting by a cam
tollower and track rail.

10

15

20

25

30

35

40

45

50

55

60

65

26

Also, the unit holding means 4 comprises multiple guide
posts 70 fixed on the transporting table 8, lower first and
second mold supporting plates 29 and 34 inserted into the
guide posts 70 in a vertically movable manner, and a
fastenming lever 73 for fixing and holding the mold support-
ing plates 29 and 34 to the guide posts, so the lower punch
unmit can be held or disengaged with a simple structure,
thereby suppressing increases 1n costs.

Further, the fastening lever 73 1s fixed to the guide post 70
by pressing with a spring 74, so the lower punch unit 7 can
be held with a simple structure and the minimum number of
parts necessary, thereby suppressing increases in costs.

According to the present embodiment, the fastening lever
73 1s rotationally operated synchronously with the advanc-
ing and retracting of the sliding claw 64 of the linking means
9, so the necessity for holding and holding-disengaging
operations using a separate mechanism can be done away
with, thereby suppressing increases in costs. Also, the lower
punch unit 7 can be transported to the next stage 1n a state
of bemng held at the linking position, thereby ensuring
positional precision of the lower punch unit 7.

Now, while an arrangement has been described with the
above embodiment wherein the fastening lever 73 1s fixed by
face contact with the guide post 70 by the pressing force of
the string 74, the present invention may also be arranged as
shown in FIG. 22, wherein a permanent magnet 95 1s
positioned at the grasping portion 73a of the fastening lever
73 so as increase the fastening force with the permanent
magnet 95, another arrangement which has been mentioned
in the above Summary. In this case, the lower punch unit 7
can be held more strongly.

Also, as shown 1n FIG. 23, an arrangement may be made
wherein a permanent magnet 95 1s positioned at the grasping
portion 73a of the fastening lever 73 while an electromagnet
96 1s positioned on the fastening lever 73, such that the lower
punch unit 7 1s held to the guide post 70 by the permanent
magnet 95, and the magnetism of the permanent magnet 93
1s cancelled at the time of disengaging this holding by
applying electricity to the electromagnet 96, another
arrangement which has been mentioned in the above Sum-
mary.

Now, the above embodiments have been described with
reference to arrangements wherein the fastening lever 73 1s
fixed to the guide post 70 by a spring 74, permanent magnet
95, etc., but the present mmvention may also be arranged
comprising a cylindrical brake member, not shown 1n the
drawings, imndependently from the guide posts, to fix and
hold the mold supporting plate by bringing the fasteming
lever into plane contact with the brake member, another
arrangement which has been mentioned 1n the above Sum-
mary.

In the event that the brake member 1s disposed indepen-
dently from the guide posts and the mold supporting plate 1s
held by fixing the fastening lever to the brake member, wear
on the guide posts can be prevented as compared to arrange-
ments wherein the fastening lever 1s fixed to the guide posts,
thus extending the life of the guide posts and improving the
supporting precision of the mold supporting plate. Also, the
brake member can be configured of a material different from
that of the guide posts, and a material with a great friction
coellicient and low cost can be selected.

FIG. 31 1s a diagram describing the holding mechanism
according to another embodiment of the invention, and the
reference numerals 1n these figures which are the same as
those 1n FIG. 12 denote the same or equivalent components.

The holding mechanism according to the present embodi-
ment 1s made up of a rotating cam member 301 rotatably
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supported to the mold supporting plate 29 by a rotational
shaft 300, and a spring (pressing member) 302 for pressing
the rotating cam member 301 against the guide post 70. The
rotating cam 301a of the rotating cam member 301 1s
pressed by the spring 302 and fixed against the guide post 70
by friction force due to linear contact. Also, the slide claw
64 protrudes to rotate the rotating cam member 301 in the
direction opposite to the pressing, thereby disengaging {ix-
ing to the guide post 70.

With the present embodiment, the linear contact pressure
with the guide post 70 can be increased by using the
wedging eflect of the rotating cam member 301, and thus the
lower punch unit 7 can be held 1n a sure manner. Thus, even
in the event that there are irregularities 1n the precision of
fintshing or precision ol assembly of the rotating cam
member 301 or guide posts 70, the wrregularities can be
absorbed to obtain suflicient contact force, thereby prevent-
ing shifting of the position of the lower punch unit 7 when
transporting.

Also, the holding mechanism 1s configured of a rotating
cam member 301 and spring 302, so the lower punch unit 7
can be fixed and held in a sure manner with a simple
structure and the mimimum number of parts necessary.

Also, though the present embodiment mvolves pressing
and fixing the rotating cam member 301 with a spring 302
and the pressing fixing being disengaged by the slide claw
64, an arrangement may be made with the present invention,
such as shown 1n FIGS. 32A and 32B, wherein a rotational
shaft 304 fixed to a disc-shaped rotating cam 303 1s directly
linked to a driving motor 305, thereby rotating the rotating
cam 303 with the driving motor 305. This arrangement also
yields advantages the same as those described with the
above embodiment.

Also, the above embodiment has been described with
reference to an arrangement wherein the rotating cam mem-
ber 301 1s rotated and pressed against the guide post 70, but
an arrangement may be made, as shown in FIG. 33, wherein
a linear cam member 306 1s linearly moved to press against
the guide post 70, another arrangement which has been
mentioned in the above Summary. In this case, the pressure
of contact against the guide post 70 can be increased even
turther, and the lower punch umt 7 can be held in an even
more sure manner.

Also, FIG. 34 illustrates an example of vertically sliding
a wedge-shaped linear cam member 307 so as to press
against the guide post 70, another arrangement which further
increases the pressure of contact against the guide post 70.

Further, the above embodiment has been described with
reference to an arrangement wherein the mold supporting
plate 29 1s movably supported 1n the compression direction
by the guide post 70, but the guide mechanism according to
the present invention 1s by no means restricted to this. For
example, an arrangement may be made as shown 1n FI1G. 35,
wherein mold supporting plate 29 1s movably supported in
the compression direction by a linear guide 310, configured
such that the mold supporting plate 29 1s pressed and fixed
to the linear guide 310 by a circular rotating cam 311.

In this case, the mold supporting plate 29 can be sup-
ported by the linear guide 310 with great precision.

Also, FIG. 36 illustrates an example of supporting the
mold supporting plate 29 movably in the compression
direction by the linear gmide 310, wherein the mold sup-
porting plate 29 1s pressed and fixed to the linear guide 310
by an ellipse rotating cam 312.

FIG. 37 1s a diagram describing the unit holding means
and holding mechanism according to the fifth aspect of the
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present invention, and the reference numerals 1n these fig-
ures which are the same as those 1n FIG. 31 denote the same
or equivalent components.

The unit holding means according to the present embodi-
ment comprise a rotating cam member 301 rotatably sup-
ported by a rotational shait 300 to the mold supporting plate
29 movably supported by the guide post 70 1n the compres-
sion direction, a brake member 350 having the shape of a
square post disposed outside of the mold supporting plate 29
independently from the guide post 70, and spring (pressing
member) 302 for pressing and fixing the rotating cam
member 301 against the brake member 350 by friction force
due to linear contact.

With the present embodiment, the linear contact pressure
with the brake member 350 can be increased by using the
wedging effect of the rotating cam member 301, and thus the
lower punch unit 7 can be held 1n a sure manner, yielding
advantages the same as those described with the above
embodiment.

Also, with the present embodiment, the brake member
350 1s disposed on the mmner side of the mold supporting
plate 29 mndependent from the guide post 70, and the rotating
cam material 301 1s pressed and fixed against the brake
member 350, so the pressing force of the spring 302 does not
act upon the guide post 70, thereby preventing wear of the
guide post 70. Consequently, the life of the guide post 70 can
be extended, and the supporting precision of the mold
supporting plate 29 can be improved. Also, the brake mem-
ber 350 can be formed of a material other than that of the
guide post 70, and a material with a great friction coetlicient
and low cost can be employed.

Now, with the above embodiment, an arrangement has
been described wherein the rotating cam member 301 1s
pressed by a spring 302, but an arrangement may be made
with the present mvention as shown 1n FIG. 38, wherein a
driving motor 353 is linked to a rotational shait 352 of a
disc-shaped rotating cam 351, and the rotating cam 351 1is
rotationally driven by the driving motor 353 so as to press
and fix the brake member 350. This arrangement vyields
generally the same advantages as the embodiment described
above.

The above embodiment has been described with regard to
an arrangement wherein the rotating cam member 301 1s
rotated to be pressed and fixed against the brake member
350, but an arrangement may be made with the present
invention as shown in FIG. 39, wherein a linear cam member
355 1s linearly reciprocally moved to be pressed against a
cylindrical brake member 356 and fixed, another arrange-
ment which has been mentioned in the above Summary. In
this case, the contact pressure to the brake member 356 can
be further increases, and the lower punch unit 7 can be held
even more securely.

Also, an arrangement may be made such as shown 1n FIG.
40, wherein a wedge-shaped linear cam member 357 is
disposed between the mold supporting plate 29 and the
brake member 358, so as to press and {ix the mold support-
ing plate 29 against the brake member 358 by sliding the
linear cam member 357 vertically. This arrangement also
yields advantages the same as the above embodiment.

Further, with the present embodiment, an arrangement has
been described wherein the mold supporting plate 29 1s
supported by the guide posts 70 so as to be movable 1n the
compression direction, but an arrangement may be made
with the present invention such as shown in FIG. 41,
wherein the mold supporting plate 29 1s supported by a
linear guide 360 so as to be movable 1n the compression
direction, so that the mold supporting plate 29 1s pressed and
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fixed against the brake member 362 by a circular rotating
cam 361. In this case, the mold supporting plate 29 can be
supported with high precision.

Also, FIG. 42 illustrates an example wherein the mold
supporting plate 29 1s movably supported by the linear gmide 5
360 and also the mold supporting plate 29 1s pressed and
fixed against the brake member 362 by an ellipse rotating
cam 363, vielding advantages the same as those of the above
embodiment.

With the powder injecting mechanism 100 according to 10
the present embodiment, a powder injecting hole 1015 1s
formed at the bottom wall 101a of a powder storing unit 101
storing the powder material 105, a scraping blade 103 1s
provided to close off the powder injecting hole 1015, and
excess powder material 105 1s scraped away from the die § 15
by the blade tip 103a of the scraping blade 103 so as to
return the powder material 105 to the powder storing unit
101, thereby preventing scattering of the powder material
105 around the die 5, and a predetermined amount of powder
can be filled 1n the die 5. 20

Also, excess powder material 105 1s scraped away by the
scraping blade 103, so the flatness of the scraping face can
be improved, and the amount of powder supplied and the
filling density can be made to be uniform.

The scraping blade 103 1s formed of a ceramic material, 25
thereby suppressing wear of the blade tip 103« after repeated
scraping operations, and extending the life thereof.

With the present embodiment, the powder supplying tube
102 1s offset outwards from the center of the powder
injecting hole 1015, which prevents powder material sup- 30
plied from the powder supplying tube 102 from being
directly mjected from the powder mjecting hole 1015.

Also, the powder supplying tube 102 is passed through the
ceiling 101c¢ of the powder storing unit 101 allows space to
be ledt 1n the powder storing unit 101 at the time of supplying 35
powder material 105 thereto, so change in the powder
density within the powder storing unit 101 due to change 1n
the amount remaining in the hopper can be suppressed, and
irregularities 1n density of powder filled 1n the die 5 can be
prevented. 40

With the present embodiment, a tapered portion 109 1s
formed at an edge of the powder injecting hole 1015 so as
to 11t with the blade tip 103a, so the blade tip 103a closes ofl
the powder 1njecting hole 1015 1n a sure manner by rnding
up on the tapered portion 109, thus preventing leaking of the 45
powder material 105.

Also, with the present embodiment, a slit 108 1s formed at
the side wall 1014 of the powder storing unit 101, and the
scraping blade 103 1s driven to open and close by an actuator
107 outside through the slit 108 allows the capacity of the 50
powder storing unit 101 to be increased.

According to the present embodiment, the upper first
punch 6q 1s fixed by the upper first poles 18 to the driving
base 10 supported by the upper first ball screws 12 1n a
vertically movable manner, and the driving base 10 mounts 55
the remaining upper second ball screw 21 and lower first and
second ball screws 235 and 30, with the upper second punch
65 and the lower first and second punches 7a and 75 being
cach independently driven by the ball screws 21, 25, and 30,
so at the time of compressing, the upper first and second 60
punches 6a and 66 and the lower first and second punches
7a and 7b can perform compression forming of the ceramic
powder material by the ball screws 12, 21, 25, and 30,
thereby forming molded articles having a uniform compres-
sion density. 65

Also, at the time of separating from the mold, the driving
base 10 1s raised with the upper first ball screw 12 1n the state

30

that the upper second ball screws 21 and lower first and
second ball screws 235 and 30 are fixed, thereby causing the
upper first and second punches 6a and 65 and the lower first
and second punches 7a and 75 to rise at the same time, and
the molded article can be separated from the die 5 with the
distance between punches maintaimned. Accordingly, the
structure of the apparatus for supplying powder and for
extracting the molded article can be simplified, suppressing
increases in costs by that much.

With the present embodiment, the ball screws 12, 21, 25,
and 30 are centrally disposed on the driving base 10, and the
servo motors 53, 39, 47, and 50 are centrally disposed on the
perimeter of the driving base 10 and the fixed base 11, so the
assembly precision of the ball screws 12, 21, 25, and 30 and
of the servo motors 53, 39, 47, and 50 can be improved by
providing a reference surface on the driving base 10, thus
facilitating assembly work and maintenance work. Also, the
compression driving system 1s centrally disposed on the
driving base 10 below the transporting table 8, so the overall
apparatus height can be reduced, thereby contributing to
reduction 1n size.

FIGS. 24 through 30 are diagrams for describing a powder
molding apparatus according to a second embodiment of the
present ivention, and the reference numerals 1n these fig-
ures which are the same as those 1n FIGS. 1 and 4A through
7B denote the same or equivalent components. The powder
molding apparatus 200 according to the present embodiment
has generally the same basic structure as that of the first
embodiment, comprising a mold 2 made up of a die S having
a powder molding space, and upper and lower punch units
6 and 7, a disc-shaped transporting table (die set) 8 for
transporting the mold 2 between a powder supplying stage
A, a compression molding stage B, a machine working stage
C, and a molded article extracting stage D, and a compres-
sion driving mechanism 201 for independently driving the
upper and lower punch unmits and performing compressing
molding of the ceramic powder material.

The upper punch unit 6 comprises upper second and third
punches 65 and 6c¢ inserted 1n an upper first punch 6q 1n a
relatively movable manner, and the lower punch unit 7
comprises lower second and third punches 76 and 7c
inserted 1 a lower first punch 7a 1 a relatively movable
manner, as described above. The upper punch unit 6 1s
disposed above the compression molding stage B, and the
lower punch unit 7 1s linked to each of the dice 5 on the
transporting table by later-described linking supporting
means.

The compression driving mechanism 201 comprises an
upper driving unit 203q for independently driving upper
first, second, and third driving shafts 210, 211, and 213, by
servo motors with unshown ball screws, and a lower driving
unit 2035 for independently driving lower first, second, and
third driving shaits 213, 214, and 215, by servo motors with
unshown ball screws in the same manner, the upper and
lower driving units 203a and 2035 being disposed on a
common driving base (not shown).

Disc-shaped upper first, second, and third compression
rams 218, 219, and 220 are each connected between the
upper ends of the upper first, second, and third driving shaifts
210, 211, and 212, and disc-shaped lower first, second, and
third compression rams 221, 222, and 223 are each con-
nected between the upper ends of the lower first, second, and
third driving shaits 213, 214, and 215. The compression
rams 218 through 223 have linked thereto the upper first
through third punches 6a through 6¢ and the lower first
through third punches 7a through 7c¢, by later-described
linking means. Thus enabling the upper first through third
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punches 6a through 6¢ and the lower first through third
punches 7a through 7¢ to be independently driven by servo
motors with ball screws allows working of molded articles
having cylindrical shapes, hollow cylindrical shapes, cross-
sectional H shapes, vertical-sectional cross shapes, for
example, to be realized.

The upper first, second, and third punches 6a, 65, and 6c¢

are respectively connected to upper first, second, and third
punch holders 225, 226, and 227, and the lower first, second,

and third punches 7a, 7b, and 7c¢ are respectively connected
to lower first, second, and third punch holders 228, 229, and
230.

These upper and lower punch holders 225 through 227
and 228 through 230 are connected one to another by linking
supporting means so as to be relatively movable. The linking
supporting means for the upper and the lower are of the same
configuration, so description will be made for only the
linking supporting means for the lower punch umt 7.

As shown 1n FIG. 24, the lower first punch holder 228 has
a cylindrical upper holder portion 228a slidably inserted
within the die 5, and a cylindrical lower holder portion 2285
extending downwards integrally formed on the upper holder
portion 228a, with multiple grooves 228¢ extending in the
axial direction (compression direction) formed on the outer
wall of the upper holder portion 228a at predetermined
intervals 1n the circumierential direction.

Also, engaging pins 232 are inserted and fixed at the
lower end portion of the die 5, and the engaging pins 232
slidably engage the grooves 228c¢. The vertical length of the
grooves 228c¢ 1s set so as to be somewhat longer than the
compression stroke, and the width thereof 1s set so as to be
slightly greater than the diameter of the engaging pins 232
(see the view along arrow A 1n FIG. 27B). thus, the lower
first punch holder 228 1s supported by the die 5 so as to not
rotate or fall but so as to be capable of ascending and
descending.

Also, the lower second punch holder 229 has a cylindrical
upper holder portion 229aq slidably inserted within the lower
holder portion 2285 of the lower first punch holder 228, and
a cylindrical lower holder portion 2296 extending down-
wards integrally formed on the upper holder portion 229a,
with multiple grooves 229c¢ extending 1n the axial direction
formed on the outer wall of the upper holder portion 229q at
predetermined intervals in the circumierential direction.
Engaging pins 233 inserted and fixed at the lower holder
portion 2285 of the first punch holder 228 slidably engage
the grooves 228c, and a part of the engaging pins 233
protrude outwards in the diameter direction from the lower
holder portion 228b.

Also, the third punch holder 230 has a cylindrical holder
main unit 230a slidably inserted within the lower holder
portion 2296 of the lower second punch holder 229 with
multiple grooves 230c¢ extending in the axial direction
formed on the outer wall of the holder main unit 230a at
predetermined intervals in the circumierential direction,
engaging pins 234 inserted and fixed at the lower holder
portion 2296 of the second punch holder 229 slidably
engage the grooves 230c¢, so the basic structure 1s generally
the same as that described above. Also, an engaging pin 235
1s 1nserted and fixed with both ends thereof protruding
outwards from the lower part of the holder main unit 230q
in the diameter direction.

A fixing bush 237 1s mounted on the die 5 as a {ixing
means. This fixing bush 237 1s integrally formed with a fixed
flange 2376 on the upper edge of a cylinder member 237q
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into which the die 5 is inserted, and this fixed flange 2375
1s Tastened and fixed along with the die 5 to the transporting
table 8 by two bolts 238.

The upper and lower punch holders 223 through 227 and
228 through 230 are detachably fastened to the upper and
lower first, second, and third compression rams 218 through
220 and 221 through 223 with fastening means. The upper
and lower fastening means are of the same structure, so
description will be given regarding only the fastening means
for the lower third compression ram 223.

A round claw member 239 1s formed on the upper face of
the lower third compression ram 223. This claw member 239
has a vertical-sectional hook-shaped form, made of a vertical
wall 239a and a ceiling 2395 bending inwards from the top
of the vertical wall 239a, with a notch 239¢ formed on the
ceiling 2395 so as to face the diameter direction. The 1nner
diameter of the claw member 239 1s large enough that the
lower third punch holder 230 can be inserted therein, and the
ceiling 2395 1s designed so as to be lower 1n height farther
away from the notch 239¢ 1n the circumierential direction.

Inserting the lower third punch holder 230 1nto the claw
member 239 and inserting the engaging pin 2335 into the
claw member 239 from the notch 239¢ and rotating the
punch holder 230 causes the engaging pin 233 to be fastened
and fixed at the mner face of the ceiling 23956 by iriction.

Next, the advantages of the present embodiment will be
described.

In order to attach the lower punch unit 7 top the trans-
porting table 8, first, the first through third punches 7a
through 7¢ are linked to the die 5 beforehand to form a unat.
The die 5 15 inserted within the cylinder member 237a of the
fixing bush 237, and the fixing bush 237 1s iserted in a
mounting hole 8a of the transporting table 8. In this state, the
lower first through third punch holders 228, 229, and 230 are
collectively fastened to the lower first through third com-
pressing rams 221, 222, and 223. In this case, the punch
holders 228 through 230 are mutually incapable of rotating
due to the engaging pins 232 through 234 engaging the
grooves 228c¢ through 230c¢, so the punch holders 228
through 230 can be collectively linked to the compressing
rams 221 through 223 at the same time. Next, the die 5 1s
fastened and fixed to the transporting table 8 along with the
fixing bush 237, by the bolts 238. Also, the upper first
through third punch holders 223 through 227 are collectively
fastened to the upper first through third compressing rams
218 through 220 following similar procedures.

In the event of exchanging the mold 2, the bolts 238 are
loosened and removed, the lower first through third punch
holders 228 through 230 are rotated and collectively
removed from the lower first through third compressing
rams 221, 222, and 223, and 1n this state, the fixing bush 237
1s extracted form the transporting table 8. Thus, the die § and
lower punch unit 7 are also removed at the same time. Also,
with regard to the upper punch unit 6, the upper first through
third punch holders 225 through 227 are collectively
removed from the upper first through third compressing
rams 218 through 220 in the same manner.

Thus, according to the present embodiment, the lower first
through third punch holders 228 through 230 are linked one
to another so as to not rotate or fall but to be relatively
movable as to the die 5, the die 5 1s mserted 1n the fixing
bush 237, and the fixing bush 237 1s bolted to the transport-
ing table 8 along with the die 5, so 1n the event of replacing
the mold, the die 5 and lower punch unit 7 can be extracted
from the transportation table 8 simply by removing the bolts
238 and removing the lower first through third punch

holders 228 through 230 from the lower first through third
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compressing rams 221 through 223. Also, all that 1s neces-
sary for assembling a new mold 1s the simple task of
inserting the fixing bush 237 in the mounting hole 8a of the
transporting table 8, fastening the lower first through third
punch holders 228 through 230 to the compressing rams 221
through 223, and then bolting down the die 5., so molds can
be easily replaced in a short time, thereby improving pro-
ductivity. This allows extremely simplified replacement of
molds for manufacturing a small number of articles each of
a great number of types, thereby improving productivity.

With the present embodiment, grooves 228¢ through 230c¢
are formed on the lower first through third punch holders
228 through 230, and the fitting pins 232 through 234 of the
die 5 and the first and second punch holders 228 and 229
engage the grooves 228c¢ through 230c¢, so the first through
third punch holders 228 through 230 can be linked one to
another with a simple structure so as to not rotate or fall.
Also, the upper punch unit 6 1s linked with a structure similar
to that of the lower punch unit 7, so the upper punch holders
can also be linked one to another with a stmple structure so
as to not rotate or fall.

According to the present embodiment, claw members 239
are formed on the upper first through third compressing rams
218 through 220 and the lower first through third compress-
ing rams 221 through 223, and fastened by engaging the
claw members 239 with the engaging pins 233 through 235
of the upper first through third punch holders 225 through
227 and the lower first through third punch holders 228
through 230, so the punch holders 225 through 227 and 228
through 230 can be collectively mounted to the driving
shafts 210 through 212 and 213 through 215, and conse-
quently molds can be easily replaced 1n a short time, thereby
obtaining advantages the same as those described above.

Also, the engaging pins 233 through 233 of the punch
holders are 1nserted into the hook-shaped claw members 239
tormed of a vertical wall 239q and ceiling 2395, and rotated
to fasten, so the mounting and removing operation can be
casily performed with a simple structure.

As shown 1n FI1G. 49, the powder supplying apparatus 100
comprises a powder storing unit 101 1n a form of a generally
airtight box that 1s disposed above the powder supplying
stage A of the transporting table 8 and 1s capable of being
raised or lowered, a powder supplying tube 102 for supply-
ing powder material 105 within the powder storing unit 101,
a powder injecting hole 1015 formed on a bottom wall 101a
of the powder storing unit 101 at a portion facing a powder
molding space 500q, and a scraping blade 103 for opening,
and closing the powder injecting hole 1015.

The powder supplying tube 102 has the powder supplying
opening 102a thereof offset to the side from the center of the
powder injecting hole 1015 by a distance t, so that the
powder supplying opening 102a does not overlap the pow-
der injecting hole 1015 when viewing the powder supplying
tube 102 linearly.

Also, the powder supplying tube 102 is inserted through
the ceiling 101c¢ into the powder storing unit 101 so that the
powder supplying opening 1024 1s positioned at a vertically
intermediate position within the powder storing umt 101.
Now, the msertion length L of the powder supplying opening
102a from the ceiling 101¢ 1s determined according to the
material quality, properties, etc., of the powder material. For
example, 1n the event that the friction coeflicient of the
powder material 1s great, the msertion length L 1s made to be
small, and 1n the event that the friction coeflicient of the
powder material 1s small, the mnsertion length L 1s made to
be great. A hopper (not shown) filled with the powder
material 1s connected at the upper end of the powder
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supplying tube 102. The powder material 1s naturally sup-
plied from this hopper by the weight of the powder material
itself.

The scraping blade 103 1s formed of a ceramic material
such as zirconia or the like, with the blade tip 103a being
formed at an acute angle as to the upper face of the die 5. The
scraping blade 103 is linked to an actuator 107 such as a
cylinder mechamsm or the like disposed outside the powder
storing unit 101, by a supporting member 106, and 1s driven
between a closed position wherein the powder 1njecting hole
1015 1s closed and an open position wherein the powder
injecting hole 1016 1s open, by the actuator 107. The
supporting member 106 1s linked to the actuator 107 by a slit
108 formed 1n the side wall 1014 of the powder storing unit
101.

A tapered portion 109 which fits with the blade tip 103q
of the scraping blade 103 1s formed at the edge of the powder
injecting hole 10156. A rocking shatt 110 vertically support-
ing the supporting member 106 so as to rock 1s inserted to
the supporting member 106. Further, the supporting member
106 has a stepped face 1065, with the stepped face 1065
which engages a stepped face 1115 of a cam 111 when the
supporting member 106 advances. The cam 111 1s pressed 1n
the direction of the upper face of the die 5 by an unshown
spring member, such that the spring member causes the
upper face 106a of the supporting member 106 and the
bottom face 11la of the cam 111 to engage when the
supporting member 106 1s retracted.

At the same time that the scraping blade 103 scrapes the
excess powder material due to the advance of the supporting
member 106, the stepped face 1066 of the supporting
member 106 engages the stepped face 1115 of the cam 111,
the supporting member 106 rotates on the rocking shait 110
so as to raise the scraping blade 103 up slightly, and
accordingly the blade tip 103a rides up on the tapered
portion 109. Further advancement of the supporting member
106 causes the stepped face 10656 and the stepped face 1115
to overlap, thereby positioning and holding the scraping
blade 103 at the closed position.

With the powder injecting mechanism 100 according to
the present embodiment, forming a powder injecting hole
10156 at the bottom wall 110a of a generally airtight box-
shaped powder storing unit 101, and providing a scraping
blade 103 to scrape away excess powder material 105
outside the powder molding space 500a and also to close off
the powder injecting hole 1015, enables scraping ofl of
excess powder material 105 and closing off of the powder
injecting hole 1015 at the same time simply by moving the
scraping blade 103, so there 1s no need to move the entire
powder supplying box or to keep 1n constant contact with the
die as with conventional arrangements, application can also
be made to dice with small areas of scraping contact, and
also, application can be made to consecutive molding appa-
ratuses.

Making the blade tip 1034 of the scraping blade 103 to be
at an acute angle as to the surface of the die upon which
scraping blade slides allows the excess powder material 105
outside the powder molding space 500a to be smoothly
scraped off without causing the powder maternial 105 to
scatter, the face of the scraped powder material can be made
uniform, and 1rregularities 1n the density of powder filling
and the amount of supplying can be prevented.

Forming the scraping blade 103 of a ceramic material
such as zirconia or the like suppresses wear of the blade tip
103a even after repeated operations, thus extending the life
thereol as compared to conventional arrangements wherein
telt 1s applied.
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With the present embodiment, offsetting the powder sup-
plying tube 102 outwards from the center of the powder
injecting hole 1015 by a distance t keeps the change 1n
pressure due to the amount of powder remaining within the
hopper from directly acting upon the powder injecting hole
1015, thereby preventing irregularities 1 powder density
within the powder storing umit 101, and thus preventing
irregularities 1n filling density to the die 5.

Also, passing the powder supplying tube 102 through the
ceiling 101¢ of the powder storing umt 101 so as to be
inserted to the nside thereof allows space to be left within
the powder storing unit 101, suppressing change in the
density of powder in the powder storing unit 101 due to
change in the amount of powder remaining in the hopper,
also preventing irregularities 1 filling density from this
perspective as well.

With the present embodiment, forming a tapered portion
109 at an edge of the powder 1njecting hole 1015 so as to fit
with the blade tip 103¢a of the scraping blade 103 closes ofl
the powder injecting hole 10156 while the blade tip 1034
rides up on the tapered portion 109 at the same time, thus
allows any gap between the powder mjecting hole 1015 and
the blade 103 to be done away with when closing, and
preventing leaking of the powder material 103.

Providing the scraping blade 103 independently from the
powder storing unit 101 so as to drive the scraping blade 103
with the actuator 107 outside the powder storing unit 101
with the supporting member 106 allows the change in
capacity within the powder storing unit 101 due to the
scraping blade 103 to be reduced, thereby maintaining the

amount ol powder stored within the powder storing unit 101
at a stable level.

Further, transporting the die 5 on the transporting table 8
in the order of the powder supplying stage A, compression
molding stage B, machine working stage C, and molded
article extracting stage D, so powder supplying can be
smoothly performed at the powder supplying stage A with-
out allowing powder to scatter around, and thus 1s applicable
to consecutive production.

Now, though the above embodiments have been described
with reference to examples of powder molding apparatuses
which perform continuous production by transporting the
die 5 on the transporting table 8 through the stages A through
D, the powder supplying device according to the present
invention 1s by no means restricted to use with such con-
tinuous-production type powder molding apparatuses;
rather, the powder supplying device can also be applied to
molding apparatus which perform compression molding 1n a
state wherein the mold 1s fixed immovably.

Also, though the above embodiment has been described
with reference to an arrangement wherein the fixing bush
237 1s tightened and fixed to the transporting able 8 along
with the die 5 by bolts 238, the present invention 1s by no
means restricted to this arrangement.

FIG. 43 illustrates fixing means according another
embodiment of the present invention. With the fixing means
according to the present embodiment, a recessed tapered
portion 400aq 1s formed on the inner circumierence of a
fixing bush 400, a protruding tapered portion 500q 1s formed
on the outer perimeter of the die 5, and the protruding
tapered portion 500q and recessed tapered portion 400a are
fit so as to fix the die 5 to the transporting table 8. In this
case, the positioning of the die 5 can be performed 1n a sure
manner, and the die can be mounted and fixed with a single
operation, thereby doing away with the necessity to fasten
with bolts and further reducing the time for replacing molds.
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FIGS. 44 A and 44B illustrate fixing means according to
another embodiment of the present imvention. This 1s an
example of pressing and fixing the die 5 to the transporting
table 8 with a pressing plate 410, but an actuator 420 such
as a pneumatic cylinder or hydraulic cylinder. This arrange-
ment allows fixing of the dice 5 to be performed automati-
cally, further improving ease of work.

FIGS. 45 and 46 illustrate fixing means according to
another embodiment of the present mvention. The fixing
means here have an o1l jacket 450q filled with operating o1l
460 for the fixing bush (fluid pressure fixing member), with
a plug 470 for pressurizing the operating o1l 460 within the
o1l jacket 450a capable of advancing and retreating being
screwed 1n. Screwing 1n the plug 470 causes the o1l jacket
450a to expand due to the oil, so the fixing bush 450
uniformly expands 1n the radial direction and presses and
fixes the die 5 to the transporting table 8, thereby enabling
the positioning precision of the die 5 as to the transporting
table 8 to be improved. With the present embodiment, the die
5 can be fixed simply by screwing the plug 470, thus
enabling further reduction 1n time for replacing molds.

Also, a positioning pin 480 1s 1nserted 1nto a flange 5¢ of
the die 5, and inserting this positioning pin 480 to a
positioning hole 8¢ on the transporting table restricts the
attachment position and attachment direction of the die 5.

Also, with the above embodiments, an arrangement has
been described wherein fastening 1s realized by rotating the
engaging pins 233 through 233 of the upper and lower first
through third punch holders 225, 226, and 227 and 228
through 230 with the claw members 239 of the compressing
rams 218, 220, 221, and 223, but with the present invention,
the punch holders may be fastened to the compressing rams
by pneumatic or hydraulic actuators or the like, as men-
tioned above 1 the Summary. This arrangement allows mold
replacing work to be performed automatically, further
improving ease ol work.

Further, though the above embodiment has been described
with reference to an example comprising upper and lower
punch units with first, second, and third punches, the present
invention 1s by no means restricted to this arrangement, and
it 1s needless to state that the present invention can be
applied to punch units comprising two punches, or punch
units comprising four or more punches, as well.

FIG. 47 1s a schematic configuration diagram describing
a powder molding apparatus according to a sixth aspect of
the present invention.

In the figure, reference numeral 1' denotes a powder
molding apparatus which manufactures ceramic electronic
part elements by compressing molding of a ceramic powder
material. The powder molding apparatus 1' comprises a
mold 2 made up of a die 5 wherein mainly ceramic powder
1s filled, and upper and lower driving units 300 and 304 for
performing compression forming of the ceramic powder
material with the mold 2. The upper driving unit 300 1s
positioned above the mold 2, and the lower driving unit 304
1s positioned below the mold 2.

The mold 2 1s formed of a dice plate 900 where the die 5
1s positioned, and an upper punch unit 6 and lower punch
unmt 7 mnserted and positioned across the die 5, such that the
part encompassed by the die 5 and the upper and lower
punch units 6 and 7 forms a powder molding space 2a. The
dice plate 900 1s fixed so as to be immovable.

The upper punch unit 6 1s formed by inserting a pin-
shaped upper second punch 65 within a cylindrical upper
first punch 6q 1n a relatively movable manner, and the lower
punch unit 7 1s formed by inserting a pin-shaped lower
second punch 75 within a cylindrical lower first punch 7a 1n
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a relatively movable manner, as described above. Such
independent driving of the punch units 6 and 7 allows
formation of molded articles of various types having uni-
form density, and enables working of molded articles having
cylindrical shapes, hollow cylindrical shapes, cross-sec-
tional H shapes, cross-sectional cross shapes, for example,
to be realized.

A driving base 10 1s disposed below the dice plate 900 so
as to be vertically driven, and a fixed base 11 1s disposed and
fixed below the driving base 10 so as to not be moved. Upper
first ball screws 12 are rotatably supported by this fixed base
11 by bearings 13, with the bearings 13 being attached and
fixed to the fixed base 11. Nuts 14 attached and fixed to the

driving base 10 are screwed onto the upper first ball screws
12.

A supporting table 17, having the shape of a box with one
side open and facing downwards, 1s attached and fixed to the
driving base 10. Upper first poles 18 slidably supported by
the dice plate 9 are erected on the upper face of the
supporting table 17, and the upper ends of the poles 18 pass
through the dice plate 9 and on upwards. An upper first mold
supporting plate 19 1s laid across between the upper ends of
the poles 18 and thus fixed, and the upper first punch 6a 1s
attached and fixed on the lower face of the upper first mold
supporting plate 19. Rotating the upper first ball screws 12
causes the upper first punch 6a to move vertically along with
the driving base 10 and the upper first poles 18.

An upper second mold supporting plate 20 1s disposed
above the first mold supporting plate 19 so as to be vertically
movable, and the upper second punch 65 1s attached and
fixed at the lower face of the second mold supporting plate
20. Upper second ball screws 21 are rotatably supported on
the upper first mold supporting plate 19 by bearings 22, with
the bearings 22 being attached and fixed onto the mold
supporting plate 19. The upper second ball screws 21 are
screwed to nuts 23 attached and fixed to the upper second
mold supporting plate 20, such that rotating the ball screws
21 vertically moves the upper second punch 656 along with
the upper second mold supporting plate 20.

Lower first ball screws 25 are rotatably supported on the
driving base 10 by bearings 26, with the bearings 26 being
attached and fixed to the driving base 10. The lower first ball
screws 25 are inserted into lower first poles 27 slidably
supported by the supporting table 17, and screwed to nuts 28
inserted and fixed to the lower end of the lower first poles 27.
Also, a lower first mold supporting plate 29 1s laid across the
upper end of the lower first poles 27 and linked, and the
lower first punch 7a 1s attached and fixed on the upper face
of the lower first mold supporting plate 29. Thus, rotating the
lower first ball screws 25 causes the lower first punch 7a to
move vertically along with the driving base 10 and lower
first poles 27.

A lower second ball screw 30 1s rotatably supported on the
driving base 10 between the lower first ball screws 25 by
bearings 31, with the bearings 31 attached and fixed to the
driving base 10. The lower second ball screw 30 1s 1nserted
into a lower second pole 32 slidably supported by the
supporting table 17, and screwed to a nut 33 inserted and
fixed to the lower end of the lower second pole 32. Also, a
lower second mold supporting plate 34 is linked to the top
of the lower second pole 32, and the lower second punch 75
1s attached and fixed on the upper face of the mold support-
ing plate 34. Rotating the lower second ball screw 30 causes
the lower second punch 75 to move vertically along with the
lower second mold supporting plate 34 and the lower second

pole 32.
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The upper second ball screws 21 pass through the upper
second mold supporting plate 20 and protrude upwards, with
slave pulleys 37 mounted to the protruding portions of these.
An upper second timing belt 38 passes over the salve nving
pulleys 37, and the timing belt 38 passes over a driving
pulley 40 mounted on an upper second servo motor 39.
Thus, rotation of the upper second servo motor 39 causes the
upper second punch 65 to vertically move along with the
upper second mold supporting plate 20.

The lower first and second ball screws 25 and 30 pass
through the driving base 10 and protrude downwards, with
slave pulleys 44 and 45 mounted on the respective protrud-
Ing portions.

A lower first timing belt 46 passes over the slave pulleys
44 of the lower first ball screws 25, and the timing belt 46
passes over a dniving pulley 48 mounted on a lower first
servo motor 47. Rotation of the lower first servo motor 47
causes the lower first punch 7a to vertically move along with
both lower first poles 27.

A lower second timing belt 49 passes over the slave pulley
45 of the lower second ball screw 30, and the timing belt 49
passes over a driving pulley 51 mounted on a lower second
servo motor 50. Rotation of the lower second servo motor 50
causes the lower second punch 75 to vertically move along
with the lower second pole 32.

The upper first ball screws 12 pass through the fixed base
11 to protrude downwards, with slave pulleys 43 mounted to
the protruding portions. An upper first timing belt 52 passes
over slave pulleys 43, and the timing belt 52 passes over a
driving pulley 54 mounted on an upper {irst servo motor 53.

Now, rotating the upper {irst servo motor 53 1n the state
that the upper second servo motor 39 and the lower first and
second servo motors 47 and 30 are stopped causes the upper
first and second punches 6a and 65 and the lower first and
second punches 7a and 75 to be moved vertically along with
the driving base 10 1n a synchronous manner.

Next, the advantages of the present embodiment will be
described.

In order to manufacture a ceramic molded article with the
powder molding apparatus 1' according to the present
embodiment, the upper punch unit 6 stands by at a prede-
termined position above the die 5, the lower face of the die
5 1s closed with the lower punch unit 7, and ceramic powder
matenal 1s filled 1n the powder molding space 2a. In this
state, the punches 6a, 6b, 7a, and 7b are independently
vertically driven with the servo motors 53, 39, 47, and 50.
This compresses the ceramic powder material, thereby form-
ing a ceramic molded article of the predetermined form.
That 1s to say, the feeding of the upper first and second ball
screws 12 and 21 lowers the upper first and second punches
6a and 6b, and the feeding of the lower first and second ball
screws 25 and 30 raises the lower first and second punches
7a and 7b, thereby performing compression molding. In this
case, the descent of the lower first and second punches 7a
and 7b accompanying the descent of the driving base 10 1s
absorbed by raising the lower first and second ball screws 25
and 30 by the amount of feeding of the upper first ball screws
12 in addition to the amount of feeding necessary for
compression.

Once the predetermined compression molding 1s com-
pleted, the upper second servo motor 39 and the lower first
and second servo motors 47 and 30 are stopped, thereby
fixing the upper second ball screws 21 and lower first and
second ball screws 25 and 30. In this state, the upper first ball
screws 12 are rotated by the upper first servo motor 33. Thus
causes the driving base 10 rise, and also for the upper first
and second punches 6a and 65 and the lower first and second
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punches 7a and 75 to be raised with the distance between the
punches maintained, following which the formed article 1s
extracted from the die 5.

Thus, according to the present embodiment, the upper first
punch 6aq 1s fixed with upper first poles 18 to a driving base
10 supported by upper first ball screws 12 so as to be
vertically movable, and the other upper second ball screws
21 and lower first and second ball screws 25 and 30 are
mounted on the driving base 10, with the upper second
punch 66 and lower first and second punches 7a and 75
being independently driven by the ball screws 21, 25, and
30, so that at the time of compression forming, ceramic
powder material 1s subjected to compression forming by
upper first and second punches 6a and 65 and lower first and
second punches 7a and 75 with the ball screws 12, 21, 25,
and 30, and accordingly, a molded article having a uniform
compression density can be formed.

Also, at the time of separating from the mold, raising the
driving base 10 with the upper first ball screw 12 1n the state
that the upper second ball screws 21 and lower first and
second ball screws 235 and 30 are fixed causes the upper first
and second punches 6a and 66 and lower first and second
punches 7a and 7b to rise simultaneously, so the molded
article can be separated from the die 5 1n a state that the
distance between the punches 1s maintaimned. Thus, the
structure of the devices for supplying powder and extracting
the molded articles can be simplified, thereby suppressing
Increases 1 costs.

According to the present embodiment, independently
driving the upper and lower punch units 6 and 7 by the servo
motors 53, 39, 47, and 50 linked to the ball screws 12, 21,
25, and 30 by the timing belts 52, 38, 46, and 49 allows the
degree of freedom of form to be increased while making the
density of the molded article uniform, and also Iriction
resistance at the time of driving 1s reduced so back-lashing
can be avoided, and accordingly, the quality and dimen-
sional precision of the molded articles can be improved.

FI1G. 48 and FIG. 3 are diagram for describing the powder
molding apparatus according to another embodiment of the
present invention, wherein FIG. 48 1s a schematic configu-
ration diagram of the powder molding apparatus, and FIG.
3 1s a plan view illustrating the action of the transporting
table. The reference numerals 1n these figures which are the
same as those m FIG. 17 denote the same or equivalent
components, and description of the same reference numerals
will be omaitted.

The powder molding apparatus 160 according to the
present 1nvention 1s configured with a driving base 10
supported by upper first ball screws 12 so as to be vertically
movable, the driving base 10 mounting the upper second ball
screws 21 and lower first and second ball screws 25 and 30,
so that the upper first and second punches 6a and 65 and
lower first and second punches 7a and 7b vertically move
simultaneously with the vertical movement of the driving
base 10, and the basic configuration 1s generally the same as
that of the first embodiment.

The upper second ball screws 21 are supported on the
driving base 10 by bearings 22, and accordingly, all of the
ball screws 12, 21, 25, and 30, are concentrated on the
driving base 10, with the servo motors 53, 39, 47, and 50
also concentrated. The upper second ball screws 21 are
screwed to nuts 23 inserted and fixed to the upper second
poles 61, and the upper second punch 65 1s attached and
fixed on the lower face of the upper second mold supporting
plate 20 fixed between the upper ends of the upper second
poles 61.
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The die 5 1s disposed on the transporting table 8. The
transporting table 8 1s disc-shaped, and four dice 5 are
disposed and fixed at 90° intervals on the perimeter thereof.
Each of the dice 5 on the transporting table 8 have disposed
thereto lower punch units 7 and lower first and second mold
supporting plates 29 and 34.

As shown 1n FIG. 3, the transporting table 8 linked to an
external rotational driving mechanism (not shown), and 1s
configured so as to continuously be rotationally driven by
the rotational driving mechanism 1n the order of the powder
supplying stage A, compression molding stage B, machine
working stage C, and molded article extracting stage D (the
direction 1ndicated by the arrow “a” in FIG. 3).

Disposed at the stages A through D 1s a clamping mecha-
nism (not shown) for positioning and clamping the lower
first and second molding supporting plates 29 and 34 at the
predetermined positions at the stages A through D, and
disengaging the clamping when transporting. Also disposed
to the transporting table 8 1s a holding mechanism (not
shown) which holds and prevents falling of the lower first
and second molding supporting plates 29 and 34 during
transportation, and disengages the holding of the lower
punch unit 7 at predetermined positions at the stages A
through D, so as to permit vertical movement.

The operation of the powder molding apparatus 160 waill
now be described.

Upon a die 5 positioned at the powder supplying stage A
being filled with the ceramic powder material, the transport-
ing table 8 rotates 90° 1n the direction indicated by the arrow
“a”. Thus, the die 5 filled with the ceramic powder material
and the lower punch umt 7 are transported to the powder
compressing stage B, and here compression molding 1is
performed by the upper and lower punch units 6 and 7. At
this time, the next die 5 transported to the powder supplying
stage A 1s filled with the ceramic powder matenal.

Once the compressing molding 1s completed, the trans-
porting table 8 rotates 90°, the molded article which has
been formed by the compression molding 1s transported to
the machine working stage C, and subjected to machine
working such as grinding, hole-opening, and so forth, as
necessary. At this time, compression molding 1s performed
on the next ceramic powder at the powder compressing stage
B, and the next die 5 transported to the powder supplying
stage A 1s filled with the ceramic powder matenal.

Once the predetermined machine working 1s completed at
the machine working stage C, the transporting table 8 rotates
90°, the molded article that has been worked 1s transported
to the molded article extracting stage D, where the molded
article 1s extracted. Thus, the transporting table 8 rotates
sequentially such that molded articles are continuously
manufactured at high speed.

According to the present embodiment, the driving base 10
1s supported by upper first ball screws 12 so as to be
vertically movable, and the driving base 10 mounts the
upper second ball screws 21 and lower first and second ball
screws 25 and 30, so that the upper first and second punches
6a and 66 and lower first and second punches 7a and 75
vertically move simultaneously with the vertical movement
of the driving base 10. Accordingly, the molded article can
be separated from the die 5 1n a state wherein the distance
between the punches 1s maintained, thereby yielding advan-
tages the same as those of the first embodiment.

Also, with the present embodiment, the ball screws 12,
21, 25, and 30, are concentrated on the driving base 10, and
the servo motors 53, 39, 47, and 50 are concentrated around
the driving base 10, so providing a reference surface on the
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driving base 10 allows assembly precision to be improved,
and facilitates assembly work and maintenance work.

Also, the driving system 1s disposed on the driving base
10 below the die 5, so the overall apparatus height can be
reduced as compared to arrangements wherein the driving
system 1s disposed above and below the die 5, thereby
contributing to reduction 1n size.

FIG. 50 1s a schematic configuration diagram describing
a powder molding apparatus according to another embodi-
ment of the present invention.

In the figure, reference numeral 1 denotes a powder
molding apparatus which manufactures ceramic electronic
part elements by compressing molding of a ceramic powder
material. The powder molding apparatus 1 comprises a mold
2 wherein mainly ceramic powder 1s filled, a driving unit 3
for performing compression forming of the ceramic powder
materal filled 1 the mold 2, and a fixed frame (base) 4' for
supporting the mold 2 and driving unit 3.

The mold 2 1s formed of a cylindrical die 5, and an upper
punch unit 6 and lower punch unit 7 inserted and positioned
across the die 35, such that the part encompassed by the die
5 and the upper and lower punch units 6 and 7 forms a
powder molding space 2a.

The upper punch unit 6 1s formed by inserting a pin-
shaped upper second punch 65 within a cylindrical upper
first punch 6aq 1n a relatively movable manner, and the lower
punch unit 7 1s formed by inserting a pin-shaped lower
second punch 75 within a cylindrical lower first punch 7a 1n
a relatively movable manner, as described above. Such
independent driving of the punch units 6 and 7 allows
formation of molded articles of various types, and enables
working of molded articles having cylindrical shapes, hol-
low cylindrical shapes, cross-sectional H shapes, cross-
sectional cross shapes, for example, to be realized.

An upper first mold supporting plate 10 1s attached and
fixed to the upper face of the upper first punch 6a, and an
upper second mold supporting plate 11 1s attached and fixed
to the upper face of the upper second punch 65. The upper
first and second mold supporting plates 10 and 11 are
vertically separated and positioned so as to not interfere with
one another. Also, a lower first mold supporting plate 29 1s
attached and fixed to the lower face of the lower first punch
7a, and a lower second mold supporting plate 13' 1s attached
and fixed to the lower face of the lower second punch 75.
The lower first and second mold supporting plates 29 and 13"
are vertically separated and positioned so as to not interfere
with one another, 1n the same manner as described above.

The upper faces of cylindrical upper first driving shafts 15
are connected and fixed to both end portions of the upper
first mold supporting plate 10", and upper first ball screws 16
are 1nserted within each of the upper first driving shaits 15'.
The upper first ball screws 16' are screwed to nuts 17
mounted and fixed to the lower end of the upper first driving,
shafts 15", such that vertically moving the upper first ball
screws 16' causes the upper first driving shafts 15' to move
vertically, and accordingly the upper first punch 6a 1s moved
vertically by the upper first mold supporting plate 10'.

Also, the upper faces of cylindrical upper second driving
shafts 18 are connected and fixed to both end portions of the
upper second mold supporting plate 11', and upper second
ball screws 20' are inserted within each of the upper second
driving shatts 18' screwed to nuts 19' 1n the same manner as
described above. Rotating the upper second ball screws 20
causes the upper second punch 65 to be moved vertically by
the upper second driving shafts 18'.

The upper faces of lower first driving shafts 21' are
connected and fixed to both end portions of the lower first
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mold supporting plate 29, and lower first ball screws 22' are
inserted within each of the lower first driving shatts 21'. The
lower first ball screws 22' are screwed to nuts 23' mounted
and fixed to the lower end of the lower first driving shafts
22", such that rotating the upper first ball screws 22' causes
the lower first driving shafts 21' to move vertically, and
accordingly the lower first punch 7a 1s moved vertically by
the lower first mold supporting plate 12'.

Also, the upper faces of lower second driving shafts 25
are connected and fixed to both end portions of the lower
second mold supporting plate 13', and lower second ball
screws 27' are inserted within each of the lower second
driving shafts 25' screwed to nuts 26' 1n the same manner as
described above. Rotating the lower second ball screws 27
causes the lower second punch 75 to be moved vertically by
the lower second driving shaits 25'. The ball screws 16', 20",
22", and 27" are all disposed parallel and vertically, and are
independently rotationally driven by later-described servo
motors.

The driving shafts 15' and 18' are supported by the fixing
frame 41 along with the ball screws 16' and 20", and the
remaining driving shafts 21' and 23" are supported by the
fixing frame 4' by the ball screws 22', and 27'. This fixing
frame 4' comprises a base portion 4a positioned below the
die 35, side frame portions 45 extending vertically upwards
from both edges of the base portion 4a, and an upper frame
portion 4¢ wherein the upper ends of the side frame portions
4b have been joined above, the components being integrally
formed 1n a rectangular box shape.

The upper first and second driving shafts 15' and 18' are
slidably supported by the upper frame portion 4¢, and the die
5 1s disposed and fixed on this upper frame portion 4c.

The ball screws 16', 20', 22!, and 27" are rotatably sup-
ported and fixed by the bearings 30 disposed and fixed on the
base portion 4a. The ball screws 16', 20", 22", and 27" pass
through the base portion 4a and extend on downwards, and
slave pulleys 31", 32", 33', and 34' are mounted on the lower
ends thereof.

An upper first timing belt 35" passes over the slave pulleys
31' of the upper first ball screws 16', and the upper first
timing belt 35' passes over a driving pulley 36' mounted to
an upper lirst servo motor 37'. Rotating the upper first servo
motor 37' causes the upper first driving shafts 15' to move
vertically in a synchronous manner.

An upper second timing belt 38' passes over the slave
pulleys 32' of the upper second ball screws 20', and the upper
second timing belt 38' passes over a drniving pulley 40
mounted to an upper second servo motor 39'. Rotating the
upper second servo motor 39' causes the upper second
driving shaits 18' to move vertically in a synchronous
manner.

A lower first timing belt 41" passes over the slave pulleys
33' of the lower first ball screws 22', and the lower first
timing belt 41' passes over a driving pulley 43' mounted to
a lower first servo motor 42'. Rotating the lower first servo
motor 42' causes the lower first driving shaits 21' to move
vertically in a synchronous manner.

A lower second timing belt 44' passes over the slave
pulleys 34' of the lower second ball screws 27, and the lower
second timing belt 44' passes over a drniving pulley 46
mounted to a lower second servo motor 45'. Rotating the
lower second servo motor 45' causes the lower second
driving shaits 25' to move vertically in a synchronous
manner.

The servo motors 37', 39', 42', and 45', are centrally
disposed around the base portion 4a, and are supported and
fixed by the base portion 4a by unshown brackets or the like.
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Next, the advantages of the present embodiment will be
described.

In order to manufacture a ceramic molded article with the
powder molding apparatus 1 according to the present
embodiment, the upper punch umt 6 stands by at a prede-
termined position above the die 5, and the lower face of the
die 5 1s closed with the lower punch unit 7. In this state,
ceramic powder material 1s filled in the powder molding
space 2a. The upper first and second punches 6a and 65 are
lowered, and the lower first and second punches 7a and 75
are raised by the servo motors 37', 39', 42", and 45'. This
compresses the ceramic powder material, thereby forming a
ceramic molded article of the predetermined form. Later, the
upper first and second punches 6a and 65 are raised to the
standby position, the lower first and second punches 7a and
756 are raised, and the formed article 1s extracted from the die
5.

According to the present embodiment, the ball screws 16/,
20", 22", and 27', are centrally disposed on the base portion
da of the frame 4' and supported and fixed by the bearings
30", thereby enabling a reference surface to be provided on
the base portion 4a upon which the bearings 30' and the ball
screws 16', 20", 22'. and 27, are assembled on the reference
surface. This arrangement allows precision in assembly to be
achieved more readily than with conventional arrangements
wherein the components are assembled at the upper and
lower portions of the apparatus, also facilitating assembly
work and maintenance work.

Also, the servo motors 37', 39', 42', and 45, are centrally
disposed around the base portion 4a, so precision of assem-
bly with the ball screws 16', 20", 22', and 27' can be readily
achieved, also facilitating assembly work and maintenance
work from this perspective as well.

Concentrating the heavy components such as the ball
screws 16', 20", 22', and 27' and the servo motors 37', 39', 42",
and 45' on the base portion 4a allows the rigidity of the
overall apparatus to be alleviated by increasing the rigidity
of the base portion 4a 1tself, thus contributing to reduction
in size and 1n costs.

Forming side frame portions 45 extending vertically
upwards from both edges of the base portion 4a and an upper
frame portion 4c¢ wherein the upper ends of the side frame
portions 4b have been joined above to form a rectangular
box shape frame 4', and disposing the die 5 on the upper
frame portion 4c, allows the die 5 to be supported by and
fixed on the frame 4' with great ngidity, thereby ensuring
rigidity at the time of compression molding.

With the present embodiment, the upper first and second
punches 6a and 6 are lowered by the upper first and second
mold supporting plates 10', and 11' with the ball screws 16'
and 20', the lower first and second punches 7a and 7b are
raised by the lower first and second mold supportmg plates
29 and 13' with the ball screws 22' and 27 thereby ellecting
compression molding, which allows the height-wise dimen-
sions of the apparatus to be reduced as compared with
conventional arrangements wherein driving units are dis-
posed above and below the die plate, thereby contributing to
even further reduction in size.

According to the present embodiment, independently

driving the upper and lower punch unmits 6 and 7 by the servo
motors 37', 39", 42', and 45' with the timing belts 35", 38', 41",

and 44', passing over the ball screws 16', 20', 22', and 27
allows the density of the molded article to be made uniform,
friction resistance at the time of driving to be reduced, and
back-lashing to be suppressed, and accordingly, the quality
and dimensional precision of the molded articles can be
improved.
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FIG. 51 and FIG. 3 are diagrams for describing the
powder molding apparatus according to another embodi-
ment of the present mvention. The reference numerals 1n
these figures which are the same as those 1n FIG. 50 denote
the same or equivalent components, and description of the
same reference numerals will be omitted.

The powder molding apparatus 50' according to the
present embodiment 1s configured with a base 51' below the
die 5, with the ball screws 16', 20", 22", and 27' and the servo
motors 37", 39'. 42', and 45' concentrated on the base 51', and
the basic configuration 1s generally the same as that of the
embodiment shown in FIG. 50.

A transporting table 8 1s provided independently above
the base 51', and dice 5 are disposed on the transporting table
8. The transporting table 8 1s disc-shaped, and four dice 5 are
disposed and fixed at 90° intervals on the perimeter thereof.
Each of the dice 5 on the lower surface of the transporting
table 8 have disposed thereto lower punch units 7 and lower
first and second mold supporting plates 29 and 13'.

As shown 1n FIG. 3, the transporting table 8 1s connected
to an external rotational driving mechanism (not shown),
and 1s configured so as to continuously be rotationally driven
by the rotational driving mechanism in the order of the
powder supplying stage A, compression molding stage B,
machine working stage C, and molded article extracting
stage D (the direction indicated by the arrow “a” i FIG. 3).

Disposed at the stages A through D 1s a clamping mecha-
nism (not shown) for positioning and clamping the lower
first and second molding supporting plates 29 and 13' at the
predetermined positions at the stages A through D, and
disengaging the clamping when transporting. Also disposed
to the transporting table 8 1s a holding mechanism (not
shown) which holds and prevents falling of the lower first
and second molding supporting plates 29 and 13' during
transportation, and disengages the holding of the lower
punch unit 7 at predetermined positions at the stages A
through D so as to permit vertical movement.

The operation of the powder molding apparatus 50' waill
now be described.

Upon a die 5 positioned at the powder supplying stage A
being filled with the ceramic powder matenal, the transport-
ing table 8 rotates 90° 1n the direction indicated by the arrow
“a”. Thus, the die 5 filled with the ceramic powder material
and the lower punch unit 7 are transported to the powder
compressing stage B, and here compression molding 1s
performed by the upper and lower punch units 6 and 7. At
this time, the next die 5 transported to the powder supplying
stage A 1s filled with the ceramic powder matenal.

Once the compressing molding 1s completed, the trans-
porting table 8 rotates 90°, the molded article which has
been formed by the compression molding 1s transported to
the machine working stage C, and subjected to machine
working such as grinding, hole-opening, and so forth, as
necessary. At this time, compression molding 1s performed
on the next ceramic powder at the powder compressing stage
B, and the next die 5 transported to the powder supplying
stage A 1s filled with the ceramic powder matenial.

Once the predetermined machine working 1s completed at
the machine working stage C, the transporting table 8 rotates
90°, the molded article that has been worked 1s transported
to the molded article extracting stage D, where the molded
article 1s extracted. Thus, the transporting table 8 rotates
sequentially such that molded articles are continuously
manufactured at high speed.

According to the present embodiment, the ball screws 16',
20", 22!, and 27' are supported by a single base 51 with
bearings 30', and the servo motors 37', 39', 42', and 45' are
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concentrated on the base 51", so assembly 1s facilitated and
s1ze can be reduced, yielding advantages the same as those
of the embodiment shown in FIG. 50.

FIG. 52 1s a schematic configuration diagram describing,
a powder molding apparatus according to another embodi-
ment of the present invention.

In the figure, reference numeral 1 denotes a powder
molding apparatus which manufactures ceramic electronic
part elements by compressing molding of a ceramic powder
material. The powder molding apparatus 1 comprises a mold
2 wherein mainly ceramic powder 1s filled, a driving unit 3
for performing compression forming of the ceramic powder
matenal filling the mold 2, and a fixed frame 4' for support-
ing the mold 2 and driving unit 3'.

The mold 2 1s formed of a cylindrical die 5, and an upper
punch unit 6 and lower punch unit 7 inserted and positioned
across the die 5, such that the part encompassed by the die
5 and the upper and lower punch units 6 and 7 forms a
powder molding space 2a.

The upper punch unit 6 1s formed by inserting a pin-
shaped upper second punch 65 within a cylindrical upper
first punch 6qa 1n a relatively movable manner, and the lower
punch unit 7 1s formed by inserting a pin-shaped lower
second punch 75 within a cylindrical lower first punch 7a 1n
a relatively movable manner, as described above. Such
independent driving of the punch units 6 and 7 allows
formation of molded articles of various types having uni-
form density, and enables forming of molded articles having
cylindrical shapes, hollow cylindrical shapes, cross-sec-
tional H shapes, cross-sectional cross shapes, for example,
to be realized.

An upper first mold supporting plate 10' 1s attached and
fixed to the upper face of the upper first punch 6a, and an
upper second mold supporting plate 11' 1s attached and fixed
to the upper face of the upper second punch 65. The first and
second mold supporting plates 10" and 11' are vertically
separated and positioned so as to not interfere with one
another. Also, a lower first mold supporting plate 12' 1s
attached and fixed to the lower face of the lower first punch
7a, and a lower second mold supporting plate 13' 1s attached
and fixed to the lower face of the lower second punch 75.
The lower first and second mold supporting plates 12' and
13" are vertically separated and positioned i1n the same
manner as described above.

The fixing frame 4' side frame portions 46 integrally
extending vertically upwards from both edges of a base
portion 4a, and an upper frame portion 4¢ wherein the upper
ends of the side frame portions 45 have been joined above,
the components being integrally formed 1n a rectangular box
shape, with the die 5 being disposed and fixed on this upper
frame portion 4¢. Also, a movable base 9' 1s disposed within
the fixing frame 4' so as to be vertically movable.

The upper faces of cylindrical lower first driving shafts
21" are connected and fixed to both end portions of the lower
first mold supporting plate 12', and lower first ball screws 22"
are 1nserted within each of the lower first driving shaifts 21°.
The lower first ball screws 22' are screwed to nuts 23
mounted and fixed to the lower end of the lower first driving
shafts 21", such that rotating the lower first ball screws 22!
causes the lower first driving shafts 21' to move vertically,
and accordingly the lower first punch 7a 1s moved vertically
by the lower first mold supporting plate 12'.

Also, the upper faces of lower second driving shaits 25
are connected and fixed to both end portions of the lower
second mold supporting plate 13', and lower second ball
screws 27' are inserted within each of the lower second
driving shatts 25' screwed to nuts 26' in the same manner as
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described above. Rotating the lower second ball screws 27
causes the lower second punch 75 to be moved vertically by
the lower second driving shatfts 25'. The lower first driving
shafts 21' and lower second driving shafts 25' are slidably
supported by the movable base 9'.

The upper faces of upper first driving shafts 15' are
connected and fixed to both end portions of the upper {first
mold supporting plate 10'. The upper first driving shafts 13’
have hollow cylindrical forms, with the lower end of the
upper first driving shaits 15" being fixed on the movable base
9' and the upper ends being slidably supported by the upper
fame portion 4c.

Upper first ball screws 16' are 1nserted on both sides of the
movable base 9'. The upper first ball screws 16' are screwed
to nuts 17' mounted and fixed to the movable base 9', such
that rotating the upper first ball screws 16' causes the upper
first driving shafts 15' to be moved vertically by the movable
base 9', and accordingly the upper first punch 6a 1s moved
vertically by the upper first mold supporting plate 10'.

Also, the upper faces of upper second driving shafts 18
are connected and fixed to both end portions of the upper
second mold supporting plate 11', and upper second ball
screws 20' are inserted within each of the upper second
driving shafts 18'. The upper second ball screws 20' are
screwed to nuts 19' mounted and fixed to the lower part of
the upper second driving shafts 18', and rotating the upper
second ball screws 20' causes the upper second driving
shafts 18' to move vertically, and the upper second punch 65
to be moved vertically by the upper second mold supporting
plate 11'.

The upper second driving shafts 18' are mserted concen-
trically within the upper first driving shafts 15", so the first
and second driving shafts 15' and 18' can be moved. rela-
tively 1n the axial direction. The upper second driving shaifts
18' protrude outwards from both end openings of the upper
first driving shafts 135', and the lower end portion of the
upper second driving shafts 18' are slidably supported by the
movable base 9'.

The ball screws 16', 20", 22', and 27' are each disposed
parallel and vertically, and are rotatably supported by the
bearings 30 disposed and fixed on the fixing base portion 4a.
The lower portions of the ball screws 16', 20", 22', and 27
also pass through the fixing base portion 4a and extend on
downwards, and slave pulleys 31', 32' 33", and 34' are
mounted on the lower ends thereof.

An upper first timing belt 35" passes over the slave pulleys
31' of the upper first ball screws 16', and the upper {first
timing belt 35' passes over a driving pulley 36' mounted to
an upper first servo motor 37'. Rotating the upper first servo
motor 37 causes the upper first driving shafts 15' to move
vertically in a synchronous manner along with the movable
base 9.

An upper second timing belt 38' passes over the slave
pulleys 32' of the upper second ball screws 20', and the upper
second timing belt 38' passes over a driving pulley 40
mounted to an upper second servo motor 39'. Rotating the
upper second servo motor 39' causes the upper second
driving shafts 18' to move vertically 1n a synchronous
mannet.

A lower first timing belt 41" passes over the slave pulleys
33' of the lower first ball screws 22', and the lower first
timing belt 41" passes over a driving pulley 43' mounted to
a lower first servo motor 42'. Rotating the lower {first servo
motor 42' causes the lower first driving shafts 21' to move
vertically 1n a synchronous manner.

A lower second timing belt 44' passes over the slave
pulleys 34' of the lower second ball screws 27, and the lower
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second timing belt 44' passes over a driving pulley 46’
mounted to a lower second servo motor 45'. Rotating the
lower second servo motor 45%' causes the lower second
driving shafts 25' to move vertically.

Next, the advantages of the present embodiment will be

described.

In order to manufacture a ceramic molded article with the
powder molding apparatus 1 according to the present
embodiment, the upper punch umt 6 stands by at a prede-
termined position above the die 5, and the lower face of the
die 5 1s closed with the lower punch unit 7. In this state,
ceramic powder material 1s filled in the powder molding
space 2a. The upper first and second punches 6a and 65 are
lowered, and the lower first and second punches 7a and 75
are raised by rotating driving of the servo motors 37", 39",
42', and 45'. This compresses the ceramic powder material,
thereby forming a ceramic molded article of the predeter-
mined form. Later, the upper first and second punches 6a
and 6b are raised to the standby position, the lower first and
second punches 7a and 75 are raised, and the formed article
1s extracted from the die 5.

According to the present embodiment, the upper second
driving shaits 18' serving as mner cylinders are mserted 1n
the cylindrical upper first driving shafts 15' 1n a concentric
manner so as to be relatively movable, so displacement
space can be reduced as compared to conventional arrange-
ments wherein the driving shafts are disposed in parallel,
thereby contributing to reduction i size of the overall
apparatus.

With the present embodiment, the upper first and second
driving shafts 15' and 18' are connected to the upper first and
second punches 6a and 65 by the upper first and second
mold supporting plates 10' 11', and independently driven by
servo motors 37' and 39' by timing belts 35" and 38' on ball
screws 16' and 20', so the degree of freedom 1n form of the
molded article can be expanded, and the density of the
molded article can be made uniform.

Also, the upper first and second punches 6a and 65 and the
lower first and second punches 7a and 76 are driven verti-
cally by the ball screws 16', 20", 22', and 27", so Iriction
resistance can be reduced, and back-lashing can be sup-
pressed, and accordingly, the quality and dimensional pre-
cision of the molded articles can be improved.

With the present embodiment, the upper first driving
shafts 15' are fixed to the movable base 9, and the upper
second driving shafts 18' are fixed to the fixing base portion
da, with the die 5 disposed and fixed on the upper frame
portion 4¢ wherein the upper ends of the side frame portions
4b have been joined, so the upper first and second driving
shafts 15' 18' and the die 5 are supported by and fixed on the
frame 4 with great rigidity, thereby ensuring rigidity at the
time of compression.

Also, the ball screws 16', 20', 22', and 27', are centrally
supported on the fixing base portion 4a and supported
thereby, thereby realizing a reference surface on the fixing
base portion 4a upon which the bearings 30' and the ball
screws 16', 20', 22'. and 27' can be assembled, which
tacilitates precision 1n assembly, and also facilitates assem-
bly work and maintenance work from this perspective.

Also, the servo motors 37', 39', 42', and 45', are centrally
disposed around the fixing base portion 4a, so precision of
assembly with the ball screws 16', 20', 22', and 27" can be
readily achieved, also facilitating assembly work and main-
tenance work from this perspective as well.

Concentrating the heavy components such as the ball
screws 16', 20", 22', and 27' and the servo motors 37', 39', 42",

and 45' on the fixing base portion 4a allows the rigidity of
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the overall apparatus to be alleviated by increasing the
rigidity of the fixing base portion 4a itself, thus contributing
to reduction 1n size and in costs.

FIG. 53 1s a diagram for describing the powder molding,
apparatus according to another embodiment of the present
invention. The reference numerals in these figures which are
the same as those 1n FIG. 52 denote the same or equivalent
components, and description of the same reference numerals
will be omatted.

The powder molding apparatus 150 according to the
present embodiment has the upper punch unit 51' divided
into the three components of first through third punches 51'a
through 51'c, of a structure wherein a cylindrical second
punch 51'b 1s inserted within a cylindrical first punch 51'a
located on the outside, and a cylindrical third punch 51'c 1s
inserted within the second punch 51'4. Also, the first through
third punches 51'a through 51'c¢ are connected to first
through third driving shafts 55', 56', and 57', via first through
third mold supporting plates 52', 53', and 34', with the
driving shaits 55" through 57 being independently driven by
first through third servo motors 58', 59', and 60'. Note that
reference numeral 61' denotes a fixed base, 62' denotes a first
movable base with the second driving shaft 56' connected
and fixed thereto, and 63' denotes a second movable base
with the first driving shaft 55' connected and fixed thereto.

The first through third driving shatts 55' through 57" are
ol a configuration wherein a cylindrical second driving shaft
56' 1s concentrically mserted within a cylindrical first driving
shaft 55' so as to be relatively movable 1n the same way, and
a third driving shait 57' 1s concentrically inserted within the
second driving shaft 56' so as to be relatively movable.

According to the present embodiment, the first, second.,
and third dniving shafts 335', 56', and 57 are inserted and
configured as a tri-axial concentric structure that 1s relatively
movable, so the displacement space of the driving shafts can
be further reduced, thus reducing the size of the overall
apparatus.

FIGS. 54 and 535 are diagrams for describing the powder
molding apparatus according to another embodiment of the
present imvention. The reference numerals 1n these figures
which are the same as those 1 FIG. 52 denote the same or
equivalent components.

The powder molding apparatus 70 according to the
present embodiment 1s configured with the upper second
driving shafts 18' imnserted concentrically within the upper
first driving shafts 15", so as to be relatively movable, so the
upper first and second driving shafts 15" and 18' are inde-
pendently driven by the upper first and second servo motors
37" and 39'. The basic configuration 1s generally the same as
that shown 1 FIG. 52.

Also, upper first ball screws 16' are supported on a fixed
base 71' by bearings 30', and upper second ball screws 20’
and lower first and second ball screws 22' and 27" are
supported on a movable base 72' by bearings 30'. The upper
first driving shafts 15' are moved vertically by upper first ball
screws 16' with the movable base 72', and the upper second
driving shafts 18' are moved vertically, relatively to the
movable base 72', by the upper second ball screws 20'.

A transporting table 73' 1s provided independently above
the movable base 72'. The transporting table 73" 1s disc-
shaped, and four dice 5 are disposed and fixed at 90°
intervals on the perimeter thereof. Each of the dice 5 on the
lower face of the transporting table 73' have disposed thereto
lower punch units 7 and lower first and second mold
supporting plates 12' and 13".

As shown 1 FIG. 55, the transporting table 73" 1s con-
nected inked to an external rotational driving mechanism
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(not shown), and 1s configured so as to continuously be
rotationally driven by the rotational driving mechanism in
the order of the powder supplying stage A, compression
molding stage B, machine working stage ¢, and molded
article extracting stage D (the direction indicated by the
arrow “a” i FIG. 35).

Disposed at the stages A through D 1s a clamping mecha-
nism (not shown) for positioning and clamping the lower
punch unit 7 and lower first and second molding supporting
plates 12" and 13" at the predetermined positions at the stages
A through D, and disengaging the clamping when transport-
ing. Also disposed to the transporting table 73' 1s a holding
mechanism (not shown) which holds and prevents falling of
the lower first and second molding supporting plates 12" and
13" during transportation, and disengages the holding of the
lower punch unit 7 at predetermined positions at the stages
A through D so as to permit vertical movement.

The operation of the powder molding apparatus 70 will
now be described.

Upon a die 5 positioned at the powder supplying stage A
being filled with the ceramic powder material, the transport-
ing table 73' rotates 90° 1n the direction indicated by the
arrow “a”. Thus, the die 5 filled with the ceramic powder
material and the lower punch unit 7 are transported to the
powder compressing stage B, and here compression molding,
1s performed by the upper and lower punch units 6 and 7. At
this time, the next die S transported to the powder supplying
stage A 1s filled with the ceramic powder matenal.

Once the compressing molding 1s completed, the trans-
porting table 73 rotates 90°, the molded article which has
been formed by the compression molding 1s transported to
the machine working stage C, and subjected to machine
working such as grinding, hole-opening, and so forth, as
necessary. At this time, compression molding 1s performed
on the next ceramic powder at the powder compressing stage
B, and the next die 3 transported to the powder supplying
stage A 1s filled with the ceramic powder matenal.

Once the predetermined machine working 1s completed at
the machine working stage C, the transporting table 73
rotates 90°, the molded article that has been worked 1s
transported to the molded article extracting stage D, where
the molded article 1s extracted. Thus, the transporting table
73' rotates sequentially such that molded articles are con-
tinuously manufactured.

According to the present embodiment, the upper second
driving shafts 18' are inserted concentrically within the
upper first driving shaits 15' so as to be relatively movable,
so disposing space can be reduced and the overall apparatus
can be reduced 1n size, yielding advantages the same as
those of the embodiment shown i FIG. 52.

What 1s claimed 1s:

1. A powder molding apparatus, comprising;:

a mold comprising a die having a powder molding space,

and upper and lower punch units;

a mold transporting mechanism for transporting said mold
between at least a powder supplying stage, a compress-
ing molding stage, and a molded article extracting
stage:

a compression driving mechanism for performing com-
pression molding by driving said upper and lower
punch units independently in said compressing mold-
ing stage; and

linking means for detachably linking at least one of said
upper and lower punch umts to said compression
driving mechanism, while moving in a direction
orthogonal to the compression driving direction of said
upper and lower punch unaits.
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2. A powder molding apparatus according to claim 1, said
linking means comprising:

a clamp main unit positioned and fixed on said compres-
sion driving mechanism;

a sliding claw movably supported on said clamp main unit
in said orthogonal direction; and

a sliding driving mechanism for driving said sliding claw
between a linking position for linking said punch umit
to said compression driving mechanism and a non-
linking position wherein said linkage 1s disengaged.

3. A powder molding apparatus according to claim 2,

wherein said shiding claw comprises a tapered portion for
tapered fitting with said punch unat.

4. A powder molding apparatus according to claim 2,

wherein said sliding driving mechanism 1s configured so as
to linearly drive said sliding claw.

5. A powder molding apparatus according to claim 2,
wherein said sliding driving mechanism 1s configured so as
to rotationally drive said sliding claw.

6. A powder molding apparatus according to claim 1,
wherein said die 1s installed on a die set, said upper and
lower punch units comprise at least first and second punches,
and said independent driving 1s performed by driving said
first and second punches by a driving shait, said powder
molding apparatus further comprising:

linking means for linking said first and second punches to
said die so as to relatively move in the compression
direction but so as not to fall; and

fixing means for collectively mounting and fixing said die
to said die set along with said first and second punches.

7. A powder molding apparatus according to claim 6, said
linking means comprising
grooves formed on each of said first and second punch

holders for said first and second punches, extending in
the compression direction; and

engaging pins lixed up said die and said first punch
holder;

wherein said linking means are configured such that the
engaging pin of said die 1s engaged with the groove on
said first punch holder, and the engaging pin of said first
punch holder 1s engaged with the groove on said second
punch holder.

8. A powder molding apparatus according to claim 6,
wherein said fixing means are mtroduced between said die
and die set, and are configured of a fixing bush for causing
taper fitting of said die and die set.

9. A powder molding apparatus according to claim 6,
wherein said fixing means are configured of an actuator
which presses and fixes said die to said die set with a
pressing member introduced therebetween.

10. A powder molding apparatus according to claim 6,
wherein said fixing means are mtroduced between said die
and die set, and are configured of a fluid pressure fixing
member which presses and fixes said die to said die set by
pressurizing a pressure fluid filled therein.

11. A powder molding apparatus according to claim 6,
further comprising fastening means for detachably collec-
tively fastening said first and second punches to said driving

shaft.

12. A powder molding apparatus according to claim 11,
said fastening means comprising:

hook-shaped claw members erected on pressure rams of
cach of said driving shafits; and

engaging pins fixed on each punch holder of said first and
second punches;




Us 7,018,194 B2

51

wherein said fastening means are configured so as to
fasten said punch holders by engaging said engaging
pins with said claw members.

13. A powder molding apparatus according to claim 12,
wherein actuators are connected to each of said punch
holders, configured such that said punch holders are collec-
tively fastened to said pressure rams by said actuators.

14. A powder molding apparatus according to claim 6,
wherein said die set 1s configured so as to transport said
mold between a powder supplying stage, a compressing
molding stage, and a molded article extracting stage.

15. A powder molding apparatus according to claim 1 for
forming a powder molding space with a die, and an upper
punch umt and lower punch unit, said upper and lower
punch units disposed so as to face one another across said
die, wherein compression molding 1s performed by driving
cach of said upper and lower punch units independently with
driving shaits, and wherein upon one of said driving shafts
1s placed the other of said driving shafts, configured such
that said other of said driving shafts moves synchronously
with the movement of said one of said driving shaits.

16. A powder molding apparatus according to claim 15,
wherein said die 1s fixed to said upper and lower punch units
and said upper and lower punch units comprise first and
second punches respectively, and wherein said other of said
driving shafts 1s placed upon a driving base moved and
driven by said one of said driving shaits, configured such
that moving said driving base causes said upper first and
second punches and said lower first and second punches to
move synchronously.

17. A powder molding apparatus according to claim 15,
wherein said die 1s disposed on a transporting table, and
wherein said transporting table 1s configured so as to move
between a powder supplying stage, a powder compressing,
stage, and a molded article extracting stage, 1n a direction
orthogonal to the moving direction of said upper and lower
punch units.

18. A powder molding apparatus according to claim 1,
said powder molding apparatus having a powder molding
space formed with a die, and upper and lower punches
disposed so as to face one another across said die, wherein
driving shafts are connected to each of said upper and lower
punches, and compression molding 1s performed by driving
cach of said upper and lower punches independently with
said driving shafts by drniving sources, and wherein upon
said driving shaits are supported by a single base, with each
of said driving sources being centrally disposed on said base.

19. A powder molding apparatus according to claim 18,
wherein said base 1s disposed below said die, and said die 1s
disposed and fixed on a frame portion formed as an exten-
sion of said base.

20. A powder molding apparatus according to claim 18,
wherein said base 1s disposed below said die, said die 1s
disposed and fixed on a transporting table provided sepa-
rately from said base, wherein said transporting table 1s
configured so as to move between a powder supplying stage,
a powder compressing stage, and a molded article extracting
stage.

21. A powder molding apparatus according to claim 18,
wherein said upper end portion of said one driving shaft 1s
linked to a upper mold supporting plate attached to said
upper punch, so that said upper mold supporting plate 1s
lowered with said one driving shaft while raising a lower
mold supporting plate with said other driving shaift, by said
driving sources, thereby eflecting compression molding.

22. A powder molding apparatus according to claim 18,
wherein said driving shatts are ball screws axially supported
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by said base, and said driving sources are servo motors
linked to said ball screws by timing belts.

23. A powder molding apparatus according to claim 1,
forming a powder molding space with a die, and an upper
punch unit and lower punch unit, said upper and lower
punch units disposed so as to face one another across said
die, wherein compression molding 1s performed by driving
cach of said upper and lower punch units independently with
driving shaits, and wherein at least one of said upper and
lower punch units 1s configured so as to allow 1nsertion of at
least first and second punches 1n a relatively movable
manner, with first and second drniving shatts linked to said
first and second punches, and said first and second driving
shafts inserted in a hollow outer cylinder with the inner
cylinder relatively movable 1n the axial direction.

24. A powder molding apparatus according to claim 23,
wherein said inner cylinder protrudes out from the openings
at both ends of said hollow outer cylinder, with said first
punch being linked to one end of said hollow outer cylinder
by a first mold supporting plate and the other end thereof
linked to a first driving source, and said second punch being
linked to one end of said inner cylinder by a second mold
supporting plate and the other end thereof linked to a second
driving source, and wherein said hollow outer cylinder and
inner cylinder are independently driven by said first and
second driving sources.

25. A powder molding apparatus according to claim 23,
wherein respective ball screws are linked to said hollow
outer cylinder and said mnner cylinder, and wherein servo
motors serving as driving sources are linked to said ball
screws by timing belts.

26. A powder molding apparatus according to claim 23,
wherein said hollow outer cylinder 1s supported by a mov-
able base, said inner cylinder 1s supported by a fixed base,
and said die 1s disposed and fixed on a frame portion
integrally extended from said fixed base.

27. A powder molding apparatus according to claim 23,
wherein said hollow outer cylinder and said inner cylinder
are supported by a common movable base, said die 1is
disposed and fixed on a transporting table provided sepa-
rately from said movable base, and said transporting table 1s
configured so as to move between a powder supplying stage,
a powder compressing stage, and a molded article extracting
stage.

28. A powder molding apparatus according to claim 1,
forming a powder molding space for supplying powder
material to said die, said powder molding apparatus further
comprising;

a powder storing unit to which a powder supplying tube

1S connected;

a powder mjecting hole formed at a portion of the bottom
wall of said powder storing unit facing said powder
molding space; and

a scraping blade for sliding along said die to scrape away
excess powder material outside said powder molding
space, and also to close off said powder 1njecting hole.

29. A powder molding apparatus according to claim 28,
wherein the blade tip of said scraping blade 1s at an acute
angle as to the surface of said die upon which scraping blade
slides.

30. A powder molding apparatus according to claim 28,
wherein said scraping blade 1s formed of a ceramic.

31. A powder molding apparatus according to claim 28,
wherein a powder supplying opening of said powder sup-
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plying tube 1s positioned so as to be oilset outwards from the 33. A powder molding apparatus according to claim 28,
center of said powder 1njecting hole, and also passes through wherein said scraping blade 1s provided independently from
the ceiling of said powder storing unit and 1s 1nserted to the said powder storing unit, passes through a slit formed 1n said
inside thereof. powder storing unit and extends into said powder storing
32. A powder molding apparatus according to claim 28, 5 wunit, and 1s driven to perform scraping action by an actuator
wherein a tapered portion 1s formed at an edge of said disposed outside said powder storing unit.

powder 1njecting hole so as to fit with the blade tip of said
scraping blade when closing off said powder 1njecting hole. %k k%
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